VOLUME VIII. NUMBER 4 


THE JOURNAL 


OF 
THE ROYAL ASTRONOMICAL SOCIETY 
OF CANADA 


DEVOTED TO THE ADVANCEMENT OF ASTRONOMY AND ALLIED SCIENCES 


EDITOR 


Cc. A. CHANT 
Oniversity of Toronto, Toronto 


ASSOCIATE EDITORS 


W. F. KING R. F. STUPART 
Chief Astsonomer Director of the Meteorologteul 
Ottawa Service of Canada, Toronto 


J. S. PLASKETT 
Dominion Observatory 
Ottawa 


PUBLISHED BI-MONTHLY 


JULY-AUGUST, 1914 


PRINTED FOR THE SOCIRTY 
TORONTO: 198 COLLEGE ST, 


FOREIGN AGENTS: WILLIAM WESLEY & SON, 
28 ESSEX ST., STRAND, LONDON. 


= Wes * > 
NOS 


J 


THE JOURNAL 
OF THE 
ROYAL ASTRONOMICAL SOCIETY 
OF CANADA 


VoL. VILL. JULY-AUGUST, to14 No. 4 
The Originator of Spectrum Analysis — - - John A. Brashear 224 
Observations on Light and Colours - - Thomas Melvill 23% 
Earthquakes, Phases of the Moon, Sub-Lunar and Sub- 

Solar Points - - Otto Klotz 273 
Meteoric Astronomy - F. Denning 282 


Notes from the Meteorological Service 


Report of the Weather in Canada, June-July 5S, 
Earthquake Records at Toronto - J. 
Magnetic Observations - - 291 
Astronomical Notes 
The Sidereal Centre - 292 
The Well of Eratosthenes - 293 
The Darkest Hour Precedes the Dawn - 294 
British Astronomical Association 205 
Distribution of the Stars . 205 
Professor Burnham and His Life-Work— - 297 
Constellation Figures - - 205 
A New Satellite of Jupiter 
Notes and Queries 
The Observatory of La Plata 301 
The Allegheny and Ottawa Telescopes 303 
Magnetic Fields and Potter’s Clay . 303 


Editorial communications should be addressed to C. A. Chant, University of 
Toronto, Toronto, Ont. 


Business correspondence, remittances, etc., should be addressed to Chas 
P. Sparling, Treasurer of the Society, 198 College Street, Toronto, 


Communications regarding Library matters should be addressed to the 
Librarian. 


$2.00 per annum. Single numbers, 35 cents. 
Subscription to the Journal is included in membership fee. 


Anyone wishing to purchase a telescope may correspond with the 
Secretary, Toronto. 


Se 
% 
Pre 
= 
4 
F 


THE ROYAL ASTRONOMICAL SOCIETY OF CANADA 
OFFICERS FOR 1914 
Honorary I'resident--W. ¥. Kinc, C.M.G., LL.D., Chief Astronomer, Ottaw: . 
President -\. S. VLASKETT, B.A., D.Sc., Ottawa. 
First Vice-President--A. D. Warson, M.D. 
Second Vice-President-- A, F. MILLER. 
Serecary KR. COLLINS. 7 reasurer--CHAS. P. SPARLING. 

Recorder --LACULAN M.A., Ph.D. W. M. WUNDER. 
Curator— ROBERT S. DUNCAN, 
Council ~The above Officers, and the following members; - B. COLLIER, 
Phin. B., Toronto; Rev. I. J, KAVANAGH, M.A., D.Sc., S.J., Guelph; Kev. Dr. 
Mansi, F.R.ALS., Peterboro: STUART SrRATHY, Toronto; Sir Joskrit Pore, 
K.C., M.G., Ottawa; Orro Kior, LL.D., FLR.A.S. Ottawa: and Past Presi- 
dents ANDREW Envins, Joun A. Paterson, K.C., M.A.; R. Sruparrt, 
R.S.C.: Professor C. A. CHANT, W. Musson, Professor A. T. 
DeLury, Professor Lovis B. SreEWARr; and the presiding officer of each Centre 
as follows: R. M. Stewart, M.A.; T. A. S. Hay, C.E.; Wn. Bruce, J.P.: 
JAMES Durr, M.A.; Professor L. A. H. WarkkEN, M.A., Ph.D., and 

Wrsavrony, Eso., F. NAPIER DENISON. 

OTTAWA CENTRE 
President ~R. M. Srewart, M.A, ive- President. A. MCDIARMID, B.A. 
Secretary--kK. E. DeELuURY. Treasurer--D). B. NUGENT, 
Council -Tuos. W. HARPER, B.A.; M. MOTHERWELL. 
PETERBOROUGH CENTRE 


Local President--T. A. S. Hay, C.E. Vice-President—-T. C, 
Secretary-Treasurer T. C. 
Curator—H. O. Fisk, C.E. Librarian H. CRANE, 


Council--DuNcCAN WALKER, B.A.; Keyes, B,A.; W. A. LoGan, C.E.; 
D, Eason, B.A.Sc. 3; HENRY CARVETH. 
HAMILTON CENTRE 


Leca! President--W™.,. Bruce, J.P. ast lte-President--W. A, ROBINSON. 
end Vice-President. J. J. MORTON, Vice- President--EvGAR SCHOLES 
Secretary~-T. H. WINGHAM, B.A. Se. 7 reasurer—-SENECA JONES. 


Council Miss I. M. WALKER, J. F. HARPER, Mrs. J. F. PWArRrerR, Jf. J. 
|. M. WILLIAMS. 
REGINA CENTRE . 
Hon. President—- Dr. K. A. Witson, M.A, 
Hon. Vice-President--N. MacMurceny, B.A. 
resident- |As. DuFF, M.A. Vice-President -W. G. SCRIMGEOUR, M.A. 
and Vice-President--Miss E. D. CatTHuro, M.A, 
Secretary- Treasurer ~AV¥RED J. PYKE. 
Council--Wo. TRANT, P.M.; H. S. MacCuiune, T. E. Murray. 
WINNIPEG CENTRE 
President - L. A. H. WARREN, M.A., Pu. D. 
Vice-President—U. C. Tlowarp. Secretary- 7 reasurer--C, E. Bastin, B.A. 
Council--Rev. FATHER |. BLAIN, PRorEssoR NEIL B, MACLEAN, M.A.; 
Messrs. Powerit, H. W. MAbrass, J. TH. Korn, 
GUELPH CENTRE 
Honorary President-- COLONEL A. MACDONALD, K.C. 
Honorary Vice-President DAVIsoN, B.A. 
President- Ese. 
First Vice-President- Proressor W. Hl. Day, B.A. 
Second Vice-President--Dr. H. G. ROBERTS. 
Secretary-- PROFESSOR R, R. GRAHAM, B.A., B.S.A. 
J. B. LEADLAY. Recorder--|. S. Luvox, M.A. 
Counctl--|. McNiecr, B.A.; H. E. S. Aspury, CoLone, D. McCrea, F. A. 
GRAESSER, SHERRIFF A. S. ALLAN, W. LAtpLaw, Mrs. J. J. Drew, 
Miss MAky MILIs. 
VICTORIA CENTRE 
Honorary President—|. S. PLAsKET?, B.A., Ottawa. 
President--¥. NAPIER DENISON. Vices President--X. W. MeCurpy. 
onorary Secretary H. Correrris, C.F. 
Evecutizve Committee. Drewry, C.E.; W. Surrosx, G. G. 
Maror C. B. Simonps, CLE. 


THE JOURNAL 
OF THE 
ROYAL ASTRONOMICAL SOCIETY 
OF CANADA 


VoL. VIII. JULY-AUGUST, t914 No. 


THE ORIGINATOR OF SPECTRUM ANALYSIS 
A REPRINT OF AN ORIGINAL PAPER BY THOMAS MELVILL 
(1752), WITH A PREFATORY NOTE 
By Joun A. BRASHEAR 


SEVERAL years ago, on reading Miss Clerke’s ‘‘ History of 


» 
Astronomy,’ 


I came across this most interesting para- 
graph (page 162) :— 


Phe first to employ the prism in the examination of various flames (for it is 
only in a state of vapour that matter emits distinctive light) was a voung Scotch 
man named Thomas Melvill, who died in 1753, at the age of twenty-seven. He 
studied the spectrum of burning spirits, into which were introduced successively 
sal ammoniac, potash, alum, nitre, and sea-salt, and observed the singular pre- 
dominance, under almost all circumstances, of a particular shade of yellow light, 
perfectly definite in its degree of refrangibility — in other words, taking up a per 
fectly definite position in the spectrum. His experiments were repeated by 
Morgan, Wollaston, and — with far superior precision and diligence 


hofer. The great Munich opti ian, 


—by Fraun- 
whose work was completely original, redis- 
covered Melvill’s deep yellow ray and measured its place in the colour-scale. It 
has since become well known as the ‘*sodium-line,” and has played a very import 


ant part in the history of spectrum analy sis. 


Later on I thought it would be of great interest to read the 
original papers of Melvill, so I wrote to Mr. Carnegie, asking 
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lim to refer me to some one in Scotland who might be able to 
give me the desired information. He very kindly referred me 
to Dr. Hew Morrison, Principal Librarian of Edinburgh. 

The information supplied by Dr. Morrison was of great 
interest to me, and I believe it will have a similar attraction for 
the readers of the JOURNAL. 

Dr. Morrison states that not very much is known about 
Thomas Melvill. The place of his birth was not given in any 
documents at hand. He was a student of divinity in the Uni- 
versity of Glasgow in 1748-9, and on entering he gave the date 
of his birth as 1726. While at the University he made the 
acquaintance of Alexander Wilson, who was Professor of Prac- 
tical Astronomy and who in 1769 made the celebrated discovery 
regarding sun-spots. An account of this appears in the /’%///o- 
vophical Transactions of the Royal Society of London in 1774. 
This acquaintanceship put Melvill on to the study of Optics, 
with a view to verifying Newton's theories. He read papers 
before the Medical Society of Edinburgh on 3rd January and 7th 
February, 1752, on ‘* Light and Colours,’’ in which appears the 
remarkable observation of the peculiar sodium line. Metvill 
died at Geneva in December, 1755, aged 27. 

After considerable searching, Dr. Morrison found a beok, 
published in 1766, in which Melvill’s essays are printed. With 
sreat consideration he had these typed and sent me a copy. I 
had thought that a portion might be of sufficient interest to be 
printed in the JoURNAL, but the Editor expressed the view that 
the papers are of such value in the history of spectrum analysis 
that they should appear in a complete form. 

While Melvill believed in the corpuscular theory of light his 
deductions fit in wonderfully with the modern methods which 
have settled the question whether the light waves from the 
different parts of the spectrum have the same or different 


velocities. 
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OBSERVATIONS ON LIGHT AND COLOURS 
By THomas MELVILL, M.A. 
INTRODUCTION 


Read Janury 3 and February 7, 1752 


‘“ Had the ingenious author of this paper (who died Decem 
ber, 1753, at the age of 27) lived to put the finishing hand to it, 
he would, probably, have added many things, and perhaps 
retrenched some others, by which it would have been rendered 
still mere deserving of the approbation of the public. Mr 
Melvill used to observe, that as, of all Sir Isaac Newton’s dis 
coveries, those relating to light and colours were, perhaps, thi 
most curious ; it was somewhat remarkable, that few, if any, of 
his followers had gone one step beyond him on these subjects 
or attempted to complete what he had left unfinished. Our 
Author, therefore, proposed to have applied himself particularly 
to the further illustration of the theory of light and colours 
The following essay is a specimen of what might have been 
expected from him, and sufficiently shews the uncommon genius 
of its Author.”’ 


SECTION 1 
ON THE MUTUAL PENETRATION OF LIGHT 


One of the first and greatest difficulties that occurs in 
reflecting on this subject, is, to conceive how itis possible that 
light can move through light in all imaginable directions, without 
occasioning the least perceivable confusion or deviation from its 
rectilinear course. Many have been induced, from this con 

sideration, to believe it incorporeal ; and all who have thoroughly 
weighed the difficulty, have seen the necessity of ascribing a 


subtility to it incomparably greater than we are led, by any 
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phenomena, to ascribe to any other species of bodies in Nature. 
There is no physical point in the visible horizon which dces not 
send rays to every other point ; no star in the heaven which does 
not send rays to every other star: the whole horizon is filled 
with asphere of rays from every point in it; and the whole 
visible universe, with a sphere of rays from every star. In 
short, for any thing we know, there are rays of light joining 
every two physical points in the universe, and that in contrary 
directions ; except where opaque bodies intervene. 

Those who suppose that light is nothing else than vibra- 
tions or pulses propagated through a subtile elastic medium from 
the visible object to the eye, may perhaps remove the difficulty 
by ascribing a sufficient minuteness to the particles of that 
medium ; since we see, by experience, that sound in the air, and 
waves in the water, are conveyed in different directions, without 
sensibly interfering ; but, as that hypothesis seems insupport- 
able on other accounts, we must endeavour to accomodate our 
solution to the only other conception we can frame of it ; namely, 
that of particles actually projected from the luminous body. 

It is manifest, that, though the mere subtility of the 
particles of light may tend to account for its easy passage, in all 
directions, through dense transparent bodies, it will not serve to 
explain its easy passage through other light equally subtile : but, 
for this purpose, it seems necessary to suppose light incompar- 
ably rare when at the densest; that is, that the semi-diameters 
of two of the nearest particles in the same or in different rays, 
soon after their emission, are incomparably less than their dis- 
tance. 

Let us consider a little the course of a particle of light from 
any of the remoter fixed stars to the human eye; for instance, 
from the small one called the Rider in the tail of the Great 
Bear: ‘The particles by which we see that star, have, in the 
tirst place, passed through the space surrounding it, in which 
there are probably several planets revolving, and which must be 
therefore so filled with a sphere of rays from each of them that 


they may be visible to an eve anywhere situated in those spaces ; 
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after that, they have passed laterally through the whole torrent 
of light flowing from the star of the second magnitude which we 
see beside it ; and lastly, they have passed likeways across the 
whole ocean of the solar light, and all that light with which the 
space surrounding the sun is filled from all the comets, planets, 
aud satellites; and besides, in every physical point of their 
numerous journey from the Rider to our eye, they have passed 
through rays of light flowing in all directions from every fixed 
star inthe visible universe ; and yet, during the whole, thev 
have never justled against one particle of light ; otherways thev 
could not have arrived in their true direction to our eye. This 
reflection cannot fail to suggest a general notion of the rarity 
and tenuity of light, far surpassing all the suppositions which 
are usually made about it. 

The chance which any one body has to justle with others of 
like magnitude, is lessened in proportion to the bulk of the 
bodies with respect tothe spacein which they move. It must be. 
therefore, supposed, as we mentioned above, that the distance 
of the nearest particles, flowing in the same and in different lines, 
must exceed their diameter, not indeed, infinitely, but a number 
of times utterly incomparable with all our ordinary numbers, in 
order that a particle may escape in one physical point of its 
progress ; but, that it may pass freely on through the whole 
distance of the remotest fixed stars, it is evident, that this pro- 
portion of excess must be multiplied by a number again incom- 
parable. But this excess, so increased, must be raised to a 
power whose exponent is a number equal tothe number of alt 
the fixed stars, planets and comets. And lastly, if there is an 
elastic medium diffused through the mundane space, as the 
propagation of heat and many other phenomena seem to insinu- 
ate; this last number must be at least doubled, if we would 
express the proportion in which the distance of the nearest rays 
exceed the diameters of their particles: and yet this distance of 
the nearest rays, flowing from the same center, is so incompar- 
ably below our smallest measures, that there is no possibility of 
defining it, 
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Had Euler considered this extreme rarity, as well as tenuity 
of light, which must be acknowledged by all who suppose that 
its particles are actually projected from the lucid bedy, he would 
not have alleged, that this opinion is inconsistent with the 
freedom and perpetuity of the celestial motions 

Some have thought, that, if the particles of light repel one 
another, their mutual perturbation may be prevented ; but the 
contrary is manifest upon the least reflection ; for though, by 
that means, the particles might be prevented from striking, they 
must instantly turn one another from their rectilinear courses, 
as soon as they come, in different directions, within the reach of 
their mutual powers. Thus, we find by experience, it is imposs- 
ible to make one stream of air penetrate another without con- 
fusion ; for the two streams either unite into a common one with 
an intermediate direction, or produce irregular eddies. 

Here, by the bye, we may see that the ingenious system of 
Boscovich, the Roman Professor, concerning the elements of 
matter, whatever may be said for it from other considerations, 
gives us no assistance in comprehending the mutual penetration 
of light; for indivisible points, endued with an insuperable 
repulsive power, reaching to a finite distance, are as subject to 
interfere, as solid particles of a finite magnitude. 


SECTION 2 
ON THE HEATING OF BODIES BY LIGHT 


It appears, by Sir Isaac Newton's experiments on the 
inflection of light, that bodies act upon it at some distance ; and 
that the same power, variously exercised in various circum- 
stances, is the cause, likeways, of refraction and reflection. We 
know no instance of any kind of attraction or repulsion in Nature 
which is not mutual; we observe likeways that bodies are 
heated by the influence of the sun’s rays: it is therefore natural 
to look upon this as the effect of the reaction of light upon bodies, 
and that, at a distance from them; for, there is no reason to 


think that light produces heat by actually striking the solid 
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parts of bodies, after we are satisfied that bodies produce the 
reflection and refraction of light, without suffering it to come 
into contact with them. 

From these principles it follows, that light, in passing out 
of one medium into another of different density, must always 
produce some degree of heat; because it is partly refracted and 
reflected at the common surface ; secondly, that, in passing for- 
wards through the saine homogeneous or perfectly transparent 
medium, it can produce no heat ; because there is no reflection 
or refraction, no influence of the body upon the light, but every 
ray pursues its own right-lined course, as if it moved in a perfect 
void.* 

Hence it appears, that, in water, glass and other transparent 
mediums, which are warmed by the sun's rays the heat must be 
propagated from their surfaces towards their central parts.+ 

Hence likeways we understand why opaque bodies are 
sooner heated by the sunbeams than transparent ones ; since, 
there are innumerable reflections and refractions within their 
substances, besides what happen in common with transparent 
bodies at their superficial parts. As each colorific particle of an 
opaque body, by the reaction of the particles of light, must be 
somewhat moved when the light is reflected backward and for- 
ward between the same particles, it is manifest that they like- 
ways must be driven backward and forward with a vibratory 
motion ; and the time of a vibration will be equal to that which 
light takes in moving through a particle, or from one particle of 
a body to another adjoining. This distance in most solid opaque 
bodies cannot be supposed greater than ,°th of an inch, which 
space a particle of light describes in | ....\,.,,th of a second. 
With so rapid a motion therefore may the internal part of bodies 
be agitated by the influence of light, as to perform 125,000,000, 

*Sir Isaac Newton, in the third book of his Préncépéa, where he disputes 
concerning the tails of comets, lays it down as an obvious principle, (Quod radii 


folis non agitant media quae permanent, nisi in reflectione et refractione, 


tl have found, by repeated trials, that the heat of water in deep lakes 


decreases regularly from the surface downward. 


is 
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(00,000 vibrations or more in a second of time! The arrival of 
different particles of light at the surface of the same colorific 
particle in the same or different rays, may disturb the regularity 


tf their vibrations, but will evidently increase their frequency 


yr raise still minuter vibrations among the parts which compose 
these particles ; by which means the intestine motion becomes 
more subtile and thoroughly diffused. If the quantity of light 
admitted into the body be increased, the vibrations of the 
particles must likeways increase in magnitude and velocity ; till, 
at last, they may be so violent as to make all the component 
particle dash one another to pieces by their mutual collisions; in 
which case, the colour and texture of the body must be destroyed. 
Thus may we form from known principles, some imperfect con 
ception of the manner in which bodies are heated and burned by 
the action of light: More than an imperfect notion of these 
secret operations of Nature is not to be expected ; for they cer- 
tainly depend, in great measure, upon laws and principles utterly 
unknown to us. 

If one beam or ray of light, by passing straight onwards 
through the same pellucid substance, can communicate no heat 
to its internal parts ; neither will the greatest quantity of rays, 
though crowded into the narrowest space, by crossing one 
another. From hence it follows, that the portion of air which 
lies in the focus of the most potent speculum is not at all affected 
by the passage of light through it, but continues of the same 
temperature with the ambient air; although any opaque bedy, 
or even any transparent body denser than air, when put in the 
same place, would be intensely heated in an instant. 

This consequence, evidently flowing from the plainest and 


most certain principles, seems not to have been rightly under- 
a 


stood by many philosophers:* for which reason, I thought 
*See Boerhaave element, chem. tom. 1, on fire, coroll. 5, after exper. 14, 

nd coroll, 1, and 7, after exper. 17. See also Rutherforth’s system of natural 
philosophy, prop. 366, of the astronomical part; and Nolet lecons de physique, 
tom. 4. Che silence of most physical writers, concerning this paradoxical truth, 


makes it probable that they were unaquainted with it. 
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it might be worth while to say something in explication of it. 
The easiest way to be satisfied of the matter experimentally, is, 
to hold a hair or down immediately above the focus of a lens or 
speculum, or, to blow a stream of smoke from a pipe horizontally 
over it: for, if the air in the focus were hotter than the surround 
ing fluid, it would continually ascend upon account of its rare- 
faction, and thereby sensibly agitate these slender bodies. Or a 
lens may be so placed as to form its focus within a body of water 
or some other transparent substance, the heat of which can be 
examined from time to time with a thermometer: but care must 
be taken in this experiment to hold the lens as near as possible 
to the transparent body , lest the rays, by falling closer than 
ordinary on its surface, should warm it more than the common 
sunbeams. 

It is well known that the rays of light, by passing obliquely 
through our atmosphere, are inflected into acurve by the con- 
tinued infraction arising from the continual increase of its 
density ; therefore they must produce some degree of heat in 
every part of their progress through it (No. 10.). But as the 
whole successive refraction is just equal to the single refraction 
that would be made in passing at once from the celestial spaces 
into a medium as dense as the lowest part of our atmosphere, 
and all the successive reflections that can be made from every 
different stratum, are but equal to what would be made at once 
from the surface of a medium of the same density ; it easily 
appears, by comparing the densities of air and water, and their 
respective signs of refraction, that all the refraction and reflection 
which the whole depth of our atmosphere produces is much less 
than what happens at one surface of water: and consequently, 
the heat produced in our atmosphere, by the immediate action of 
light upon it, must likeways be much less than what is raised in 
water. The air seems to have the greatest part of its heat com- 
municated to it from the opaque vapours which float in it and 


the general surface of sea and land to which it is contiguous. 
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SECTION 3 


ON THE SILVER-LIKE APPEARANCE OF DROPS OF WATER 
ON THE LEAVES: OF COLEWORT 


It is common to admire the volubilitv and lustre of drops of 
rain that lie on the leaves of colewort and some other vegetables ; 
but no philosopher, as far as I know, has put himself to the 
trouble of explaining this curious phenomenon. Upon inspect- 
ing them narrowly, I find, that the lustre of the drop arises from 
a copious reflection of light from the flattened part of its surface 
contiguous to the plant: I observe further, that, when the 
drop rolls along a part which has been wetted, it immediately 
loses all its lustre; the green plant being then seen clearly 
through it; whereas, in the other case, it is hardly to be dis- 
cerned, 

From these two observations laid together, we may certainly 
conclude, that the drop does not really touch the plant when it 
has the mercurial appearance, but hangs in the air at some dis- 
tance from it, by the force of a repulsive power; for, there 
could not be any copious reflection of white light from its under 
surface, unless there were a real interval between it and the sur 
face of the plant.* 


*Newt Optics, query 29 

Let AB, Tab. IIL., Fig. 4, represent the extremity of any repulsive body 
immersed in water, for instance a slice of colewort leaf, CL and DM, the convex 
surfaces of water immediately surrounding it, and CD perpendicular to AB, the 
common tangent of these curves, which will be the continuation of the genera} 
surface of the water. The forces with which any two partic les, I and I, are 
pressed by the water in the directions EG, FI perpendic ular to KB, are known to 
be as KG and KIL, and the repulsive powets which balance them must be in the 
same proportion. If therefore the relation between the ordinate and abscissa in 


the curve IDM could be anv way found by experiment, the law of the 


repulsive 
power might be determined, upon supposition that the particles are influenced by 


no force bnt the repulsive power of the line KB and the gravity of the superincum 


bent fluid; but their mutual attraction, which tends to lessen their la‘eral 
tendency must be likeways taken into the account In order to an exact determina 
hion 

Before [ leave this subject of attraction and repulsion, T beg leave to pre 
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If that surface were perfectly smooth, the under surface of 
the drop would be so likeways; and would therefore show an 
image of the illuminating body by reflection, like a piece of 


polished silver; but, as it is considerably rough and unequal, 


pose to the Society, the spontaneous motions of light bodies on the surfaces of 
fluids, asa thing worthy of being inquired into; for, though it be manifest in 
general that they depend upon the different figures of the surface, it is far from 
being an easy matter to explain the particular cases by mechanical or hydrostatical 
laws. The following account of the phenomena may be useful towards such as 
enquiry. Case 1. Suppose a fluid which is attracted to the side of its containing 
vessel, and consequently is elevated, at the sides, into a concave surface: If a 
body be immersed which attracts the fluid, and is therefore surrounded likeways 
with a concave elevation of the fluid; as soon as the two elevations begin to join, 
the body will move towards the side of the vessel with an accelerated motion, 
Case 2. Suppose a fluid which is formed into a convex surface either by the 
repulsive power of the containing vessel or cohesive force of its own partic les: Ii 
a light body be immersed which attracts the fluid; as soon as its surrounding 
elevation begins to join with the lateral depression of the fuid, it will begin te 
move towards the middle of the vessel ; and if it be brought by force towards the 
side, it will recede from it again with an accelerated motion. 

In both the first and second cases, if the attracting body be held fast, and 
the whole fluid made easily moveable with its containing vessel, it will remove to 
or from the attracting body in the same manner as the attracting body did with 
respect to it; ¢.¢., in the first case, the whole fluid will move so that the attracting 
body may come to its edge; and in the second, so that it may recede from it. 


Case 3. ina fluid which 


s attracted by the sides of its vessel, a body be 
immersed which repels the fluid, and is therefore surrounded with a ditch or convex 
depre sion of the fluid ; as soon as that depression begins lo join the elevation of 
the fluid at the sides, it will recede towards the middle ; and, if forcibly broughe 
to the side of the vessel, will fly from it with an accelerated motion. Case 4. Wf, 
in a fluid which is formed into a convex surface at the sides, a repelling body be 
immersed ; as soon as its depression begins to unite with the lateral depression of 
the fluid, it will move towards the side with an accelerated motion. In these two 
last cases, the same observation holds as with respect to the first and second, z722., 
that the whole fluid will move with correspondent motions by the force af 
reaction, if the repelling body be held fast. Case 5. If two bodies be immersed 
in a fluid, which each of them attracts: as soon as their elevations begin to join, 
they will rush towards one another with equal forces and accelerated motions, and 
continue to adhere together. Case 6. If two bodies be immersed in a fluid which 


they repel ; as soon as the two depressions that surround them begin to interfere, 


they will likeways rush together with au accelerated motion, Case 7. Lf two 
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the under surface becomes rough likeways ; and so, by reflecting 
the light copiously in different directions, assumes the resplend- 
ent white colour of unpolished silver. 

After it is thus proved by an optical argument that the drop 
is really not in contact with the plant which supports it, we 
easily conceive whence its wonderful volubility arises, and why 
it leaves no tract of moisture where it rolls. 

From the like reasoning. we may conclude, that, when a 
smooth needle is made toswim, it does not any where touch the 
water, but forms around it, by its repulsive power, a ditch or 
bed, whose concavity is much larger than the bulk of the needle. 
(See Tab. 111., Fig. 3.). And hence it is easy to understand 
how the needle swims upon a fluid lighter than itself ; since the 


bodies be immersed in a fluid, the one of which attracts and the other repels it; 


as soon as the depression surrounding the one begins to join with the elevation cf 


he other, they will mutually fly from each other. Lastly, if a body be immersed 


in a fluid which it attracts in one part and repels in another, it will approach to or 
recede from other bodies and parts of the fluid, differently according to its situa 
tion, by the rules above laid down. 

The different figures ascribed to the surface of the water in’ these several 
cases are plainly discernible by the sight ; if the experiments are made with candle- 
light, they are distinguished by the shadowy or luminous rings which they project 
on the bottom of the ve ssel, according as they are ConveNn or concave. 

Some writers have been so inattentive as to ascribe the motions in the first 

ie to an immediate attraction between the swimming bedv and the side of the 
el. See Helsham’s Lectures. Before | had observed the fourth and sixth 
uses, thought the phenomena might be all explained from this princip'e, that 


he light bodies always tend to the highest parts of the water. It las been 


eoested to me by some, that this tendency, combined with the greater or lesser 


immersion of the bodies, upon account of the rit w of water which they elevate or 
depress, may produce all the d-flerent cases: and by others, that the whole is 
explicable from the single principle of attraction between the parts of water which 

uses two drops to run into one, I believe it will be found, on due consideration 
that none of these acccunts is satisfactory; but there is no reason to despair of 


coming to the bottom of these phenome na; since other motions of a like kind 


ave been successfully explained the renning of a drop cf ol towares the 
oncourse of tWo gliass-planes an the motion of a bubble on the surtace of Hquots, 
when the glass is held obliquely towarcs that point, where the glass is inclined t 
he liquor in the smallest angle, are easily understood from the direction of the 


compound force with which the drop and bubble are acted 
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quantity of water, displaced by it, may be equal to the weight 
of the needle. Phenomena of this kind, instead of being reduced 
to hydrostatical principles, are commonly attributed to the mere 
tenacity of water, and even used for measuring its cohesive 
power. See Musschenbroeck, ‘‘ Elementa Physices.”’ 

This instance furnishes us with a just and necessary correc- 
tion of the common hydrostatical law, that ‘‘ the whole swimming 
body is equal in weight to a quantity of the fluid whose bulk is 
equal to that of the part immersed:’’ for, to comprehend this, 
as well as all ordinary cases, it should be said more generally, 
that ‘‘the whole weight of the swimming body is equal to the 
weight of the quantity of the fluid displaced by it.’’ 

These Phenomena appeared to me worthy of observation 
here: both because they shew the fertility of optical principles 
in leading to the knowledge of things otherways inaccessible ; 
and because they exhibit a clear specimen of a repulsive power, 
similar to that which we suppose necessary for the reflection of 
light from the anterior surface of a denser medium. Nor do I 
see how it is possible to account for the suspension of the drop 
in the air by comparative attractions; into which some other 
appearances of repulsion have been, perhaps, not unsuccessfully 
resolved.* 


SECTION 4 


ON THE CHANGE WHICH COLOURED BODIES UNDERGO IN 
DIFFERENT LIGHTS 


Sir Isaac Newton has abundantly proved, by a variety of 
arguments, that the ordinary colours of natural bodies arise 
solely from the compounded colour of those rays which they 
reflect ; their colour being denominated by the species of those 
primitive rays which they reflect in greatest plenty: but this 
part of the Newtonian doctrine will receive further confirmation 
by examining the different colours which the same body assumes 

*See the article on Capillary Attraction, at the end of Cotes’s Hydrostatical 


Lectures. 
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when illuminated by different lights ; and which may be called, 
in distinction from the former, their extraordinary colours. 

Bodies of all the principal colours, v/2., red, yellow, green 
and blue, are very little altered when seen by the light of burning 
spirits: but, if salts be continually mixed with them during the 
burning, different changes ensue, 

When sal ammon., potash or alum are infused, the colour of 
red bodies appears somewhat faded and dirty: green and blue 
appear much the same as in candle-light ; both being faint and 
hardly distinguishable: white and yellow are scarcely at all 
affected. 

When nitre or sea-salt are plentifully mixed with the burn- 
ing spirits, and the whole is stirred about briskly ; the brightest 
red bodies, seen by the light then emitted, are reduced to a dirty 
tawny brown, that seems to have nothing of redness in it; green 
is transformed into another sort of brown, only distinguishable 
from the former by a certain inclination toa livid olive-colour ; 
when nitre is mixed with the spirits, one may still see some 
remains of a greenish colour, unless it be poured in very plenti- 
fully : dark blue is hardly to be known from black, except that 
it appears the deeper black of the two: light blue is changed into 
avery light brown of a peculiar kind: white assumes a livid 
yellowish cast : and yellow alone appears unaltered and extremely 
luminous. ‘These experiments I made with different sorts of 
rich-coloured bodies, as silks, cloths and paints. Polished 
copper, which has contracted from the air a high-flaming colour, 
is reduced by the same light into the appearance of yellow brass ; 
the faces and hands of spectators appear like those of a dead 
corpse ; and other mixed colours, which have red or green in 
their composition, undergo like changes. 

Having placed a paste-board with a circular hole in it 
between my eye and the flame of the spirits, in order to diminish 
and circumscribe my object, I examined the constitution of these 
different lights with a prism, (holding the refracting angle 
upwards) and found, that, in the first case (No. 20), when sal 


ammon., alum or potash fell into the spirits, all sorts of rays were 
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emitted, but not in equal quantities; the yellow being vastly 
more copious than all the rest put together, and red more faint 
than the green and blue. 

In the light of spirits mixed with nitre or sea-salt, I could 
still observe some blue, though excessively weak and diluted : 
with the latter, the green was equally faint ; but, with the 
former, pretty copious. But, when either of these salts were 
used, I could hardly see any vestige of the red at all, at least 
when they were poured in plentifully, and the spirits constantly 
agitated. At every little intermission indeed the red rays would 
show themselves very manifestly below the hole, and red bodies 
seen by that light resumed somewhat of their ordinary colour : 
and it was very entertaining to observe how both would evanish 
again at once, as soon as the salting and stirring were renewed. 

The proportion in which the bright yellow exceeds the other 
colours in this light, is still more extraordinary than in the 
former ; insomuch that the hole seen through the prism appears 
uniformly of this yellow, and as distinctly terminated as through 
a plain glass ; except that there is adjoining to it on the upper 
side a very faint stream of green and blue. White bodies 
illuminated with it appear also through the prism perfectly well 
defined ; both which are very surprising phenomena to those 
who have been accustomed to the use of the prism in other 
heterogeneous lights, where it never fails to throw confusion on 
the extremities of all visible objects. 

Because the hole appears through the prism quite circular 
and uniform in colour; the bright yellow which prevails so 
much over the other colours, must be of one determined degree 
of refrangibility ; and the transition from it to the fainter colour 
adjoining, not gradual, but immediate. 

Upon examining soap-water-fiims in the same light, I could 
only observe luminous bands separated by dark ones; the green 
and blue being too weak to affect my eye inthis view. It would 
be needless labour to enter here into a particular detail of the 
reasons of the different transformations of coloured bodies, above 


related ( No, 24, 25 and 26); since, in general, it is evident 
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enough, that they are owing to the different compositions of the 
lights with which they were illuminated: the experiments with 
the prism ( No, 27, 28, ) are of themselves sufficient commentary 
upon the rest. 
SECTION 5 
A REMARK ON EULER'S NOVA THEORIA LUCIS ET COLORUM 

’ Euler, in that treatise, (published lately along with scme 
other tracts, under the title of Opuscula Mathematica ) 
endeavours to amend the Huygenian hypothesis of vibrations, 
and support it against the objections which made Newton and 
his followers reject it: we shall not enter here upon the discus- 
sion of that question ; as it would require a discourse of consider- 
able length ; and the rather, that the Newtonian theory of light 
and colours depends not on any particular hypothesis with 
respect to the intimate nature of light (in like manner as his 
system of universal gravitation is independent of all hypothesis 
concerning the cause of gravity ). In his optics, he lays down 
his discoveries at full length, without ever inquiring whether 
light consists in vibrations propagated through a fluid or of 
particles projected in straight lines from the luminous kody : 
and, in his queries, where he touches this matter. he seems to be 
nore positive in rejecting the hypothesis of vibrations, than in 
establishing any other. 

But Kuler likeways advances a new notion with respect to 
the origin of colours in opaque bodies, which is entirely incen- 
sistent with the principal part of Sir Isaac Newton's doctrine. 
He supposes, that coloured bodies reflect the sun's incident white 
light from their anterior surface ; but, that the particular species 
of light, by which they appear coloured, is properly emitted by 
the parts of the body: for instance, he imagines that vermilion 
does not appear red by a more copious reflection of red than of 
other incident rays, but by the new emission of red rays from 
the particular velocity of vibration which its elastic parts are 
capable of conceiving by the impulse of the incident light. 


It is a sufficient refutation of this system, that no phenomena 
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prove or require its existence: whereas Newton’s theory not 
only solves the phenomena, but is directly drawn from a multi- 
tude of experiments. According to Euler’s hypothesis, a body 
of one colour, placed in homogeneous light of another, ought not 
to appear of the colour of the light, but of a middle one between 
that and its own natural colour; which is contrary to experi: 
ence. 

If it should be said, that none of the incident light is capable 
of qualifying the body for emitting its proper colour, but rays 
of the same colour; that which he calls new light emitted will 
be, in his scheme, more properly incident light reflected. 

The chief or only fact which seems to have led him into 
that opinion, is, that there are many coloured bodies, such as 
metals, which are capable of receiving a fine polish ; and, there- 
fore, of reflecting regularly the images of other cbjects, and at 
the same time retain their proper colour by which they are seen 
in all positions. That light by which we see in them the images 
of other objects, he acknowledges to be incident light properly 
reflected ; but the other, he supposes, is properly emitted from 
the colorfic parts of the body. But what necessity is there of 
recurring to this supposition, when we know, previously that 
the component parts of all opaque bodies are transparent ; that, 
from every transparent body, there is a double reflection ; part 
of the incident light being reflected at the first surface, and a 
part of what passes through the first, reflected at the second, 
and when we know, further, that very thin bodies, (soap bubbles, 
Muscovy-glass, and air in a fracture of glass or ice, or between 
two lenses) while they reflect some 1ays of all colours from the 
first surface, reflect only particular colours at the second ?. Do 
not these facts lead us naturally to suppose the first sort of light 
to be only a part of the incident light reflected from the first 
surface of the body ; and the second, a part of what had passed 
on, reflected from the posterior surfaces of the superficial 
particles ? 
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SECTION 6 


CONCERNING THE CAUSE OF THE DIFFERENT REFRANGIBILITY 
OF THE RAYS OF LIGHT* 


In order to account for the different refrangibility of the 
differently-coloured rays, Sir Isaac Newton and several of his 
followers have supposed, that their particles are of different 
magnitudes or densities: but, if there be any analogy between 
gravity and the refractive power, it will produce equal perpen- 
dicular velocities in all particles, whatever their magnitude or 
density be ; and so all sorts of rays would be still equally re- 
frangible. 

It seems, therefore, a more probable opinion, which others 
have advanced, that the differently-coloured rays are projected 
with different velocities from the luminous body: the red, with 
the greatest; violet, with the least ; and the intermediate colours, 
with intermediate degrees of velocity: for, upon this hypothesis, 
it is manifest, that they will be differently refracted in the pris- 
matic order ; according to observation. Since, according to Sir 
Isaac Newton's doctrine of refraction now generally received, 
the velocity of a ray, after entering any new medium, is, to its 
former velocity, as the sine of incidence to the sine of refraction ; 
if all the colours move with equal swiftness in any one medium, 
their velocity will necessarily become unequal, upon entering a 
denser medium, in the inverse proportion of their several sines 
of refrangibility : though we suppose, therefore, the sun’s rays 
to be emitted with one common velocity, it will follow that their 
velocities are unequal in air, glass, water, or any transparent 
body, whose refractive density differs from that of the solar atmos- 
phere. This consideration is sufficient to take off the appearance 
of improbability from our hypothesis. 


* Although the doctrine contained in this section bas been already published 
in the Paélesophical Transactions for 1753, (vid. Vol. XIVIIL. parts, p. 262, ete.) 
having been communicated to the Royal Society, by the Author, in a letter to the 
Rev. Dr. James Bradlev, D.D., F.R.S.; yet it could not be omitted here, on 
iccount of its connection with some of the queries that follow; besides that it 


contains several illustrations not to be found in the 7ramsactions. 
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On supposition that the different refrangibility of the rays 
of light arises solely from their different velocities before inci- 
dence ; these velocities must be, to one another, nearly as their 
sines of refraction. 

Sir Isaac found their sines of refraction from glass into air, 


beginning from the extreme violet, to be as,* 78, 777, 7723, 


Wy, 773, 77'/., 7713, 77; the sine of incidence being 50: from 


whence their sines of refraction out of air into glass, beginning 
from the extreme red, and ending with the extreme violet, are 
found to be + as T8000, 77873, 77797, 77663, 77496, 77330, 77220, 
77000; the sine of incidence being 120120. These numbers, 
therefore, nearly express the velocities in air, of the several rays, 
before their incidence. ? 


Hence their velocities in any other medium, may be found ; 


*Newt. Opt. book 1, parts 2, prop. 3. 


+ The extreme sines are plainly reciprocal to the former ; and those of inter- 
mediate colours are fourth proportionals to the s:ne in Sir Isaac’s experiment, 77 
and 78. 

¢ The quantities which give the accurate proportion of the velocities, before 
incidence, must be in a constant ratio; the sines of refraction, by which the above 
calculations are made, have this condition; but, it is otherways manifest, that 
they give only a gross approximation to the truth, From what follows, perhaps, 
an exacter computation might be made, ifa proper mean angle of ine dence were 
made use of, although the quantities in the canon are really not in a constant 
ratio. 

Tab. IIL., fig. 1. Let two rays, falling in the same line of incidence (C, 
with different velocities, upon AB the surface of a denser medium, be refracted 
into different lines CR, CV. Taking any lines CD in the perpendicular to repre- 
sent the total action of the refracting power on the tess refrangible ray, and CE 
on the more refrangible: If, through D and FE, parallels to IC be drawn, meeting 
the refracted rays in V, R and G3; it is plain, that Ck, CV will be, as their respec 
tive velocities after refraction; and DR, EV, as their velocities before incidence. 
Since the whole acceleration which a given power produces in a body, 1s caters 
paribus, as the time in which it operates; CD must be to CE nearly as the time 
which the swifter ray takes to pass through the refracting space, to that which the 
slower ray takes in passing through the same, inversely, as ther velocities before 
incidence; that is, as EV to DR: but CD is likeways to CE as DG to EV: there- 


fore DR, EV and DG are continued proportionals ; therefore DR is to EV in the 
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for, they are, to these, as the sine of incidence to the sine of 
refraction, when a ray passes from air into the given medium. 

While the differently-coloured rays are supposed to move 
with one common velocity, any pulses, excited in the ethereal 
medium, must overtake them at equal distances ; and, therefore, 
the intervals of reflection and transmission, if they arise in this 
manner, as Sir Isaac Newton conjectures, would be all equal : 
but, if the red move swiftest, the violet slowest, and the inter- 
mediate colours with intermediate velocities; it is plain, that 
the same pulses must overtake the violet soonest, the other 
colours in their order, and, last of all, the red ; that is, the inter- 
vals of the fits must be least in violet, and gradually greater in 
the prismatic order ; according to observation. 

As the proportion between these intervals in red and violet 
can be assigned by experiment, and the proportion of their 
velocities in any medium likeways, by No. 40.: the velocity of 
the ethereal pulses in any medium, and their distance from one 
another, may be thence computed by the following rule: ‘‘ Mul- 
tiply the product under the velocities of the red and violet rays 
by the difference of the intervals of their fits; then divide by 
the difference of the two products which are formed by multi- 
plying the interval of the fits in red by the velocity of the violet, 
and the interval of the fits in violet by the velocity of red:’’ the 
quotient shall express the velocity of the ethereal pulses.* 
subduplicate ratio of DR to DG; but DR is to DG ina rato compounded of DR 
to DC, and DC to DG, that is, in the compounded ratio of S,; DCR to S, DRC 
and of S, DGC to S, DCG; wherefore DR is to EV in the subduplicate ratio of 
s, DCR S, DGC to 8, DCG S, DRC; that is, ** The velocities before inci 
dence are nearly in the direct subdupticate ratio of these sines and the reciprocal 
subduplicate ratio of the sincs of the excesses of the common angle of incidence 


above the several angles of refraction.” 


*Let C denote the celerity of the ethereal pulses, V the velocity of red 
, and v that of violet, I and i the intervals of their fits, and D the perpendicu- 
lar distance of two succeeding pulses: it is plain, from the nature of the hypothesis 
that Lis to D as V toC — V, and again, DtorasC -vtov: therefore, ex wequo, 
listeias CY Vv to Cv - Vv: from which arises the equation. 

(I i) Vv 


Iv - iV 
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The velocities of the red and violet in air, are, by the above 
estimation, as 78 and 77*; and the intervals of their fits are, by 
experiments?, as 100 and 65: from whence by the canon now 
laid down, the velocity of the ethereal pulses is found to be, to 
that of red light, as 79765 to 7SO00. As light moves from the 
sun to us, by Dr. Bradley's latest computation}, in S™, 125, the 
pulses of the ethereal fluid will be propagated through the same 
space in 8™, 1°. 

The distance between the ethereal pulses, is, to$ the inter- 
vals of the fits in red, asthe difference between the velocity of 
the ethereal pulses and that of red light is to the velocity of red 
light ; that interval, therefore, is not much more than ‘th of 
the interval of the fits in red, and, therefore, does not much 
exceed of an inch. || 

The velocity of the ethereal pulses being determined, as 
above, from the intervals of the fits in the two extreme colours, 
as found by experiment, the intervals of the fits in the six inter- 
mediate rays may be calculated from theory ; for the interval in 
any one colour must be, to that in red, as a product under the 
velocity of the given colour and the excess of the velocity of the 
ethereal puises above that of red, is to a product under the 
velocity of red and the excess of the velocity of the ethereal 
pulses above that of the given colour: but, even upon the suppo- 
sition of the truth of our theory, an exact coincidence between 
calculation and experiment is not to be expected till the velocities 
of the rays be more accurately determined. 

Upon the hypothesis of the different velocities of different 
colours, we may understand, at least in general, whence it is, 
that the intervals of the fits may bear a proportion some wavy 

*In the celestial medium they are less, (No. 40) but very nearly in the same 
proportion, 

+ Newt. Opt. book 2, p. 1, observat. 14. 

t See Eames Abridg. transact. Vol. VI., p. 157 

§ See note to foregoing page. 


See the table of the thickness of coloured plates in, Newt. Opt. part 2 
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related to the spaces cccupied* by the several colours in the 
spectrum ; an analogy otherways very unaccountable! Since, 
from the velocities of the several rays upon which the intervals 
of the several fits depend, arise likeways their several degrees of 
refrangibility, which determine the space cccupied by each in 
the spectrum. 

And thus likeways we may conceive, how the different rays 
are qualified to produce different sensations in the mind: for, 
having different degrees of impulsive force, they may cause 
vibrations of different magnitude or velocity in the optic nerve ; 
by which, according to the laws of our constitution, the ideas of 
different colours may be excited ;+ in like manner as the ideas of 
different tones arise from different vibrations of the air communi- 
cated to the auditory organ. It has been said, that the different 
sensations excited in the mind cannot arise from the different 
force of the particles of light; since the colour of homogeneal 
rays is not aitered by passing through different media, though 
their velocity be thereby always increased or diminished.{ But 
it ought to be considered, that every ray, as it must pass at last 
through the humours of the eye in order to vision, falls upon 
the retina with one given velccity, whatever number of refrac- 
tions it has previously undergone: for the velocity of any ray 
in any one medium being, to its velocity in any other medium, 
it a constant proportion, 77z. the inverse of the sines of incidence 
and refraction, when a ray passes from the one into the other ; 
it is manifest, that each ray must have a certain determined 
velocity in any given medium, which cannot be either increased 
or diminished by making the ray pass previously through any 
number of transparent bodies any how disposed.$ 

*Compare Newt. Opt. b.i., part 2, prop. 3, with b. ii., part 3, prop. 16th. 

+ Newton's Optics, query 13. 

* Musschenbroeck, Elementa Physices, 1261. 

§ Here it is proper to observe, that the hypothesis which supposes the inter- 
vals of the fits to be determined by the velocity of the ray, agrees well with a 
remarkable observation of Sir Isaac Newton (Opties, b. i1., part i., observ. 21): 


Phat these intervals in any medium, ata given angle of incidence, are of a 


‘iven magnitude, without regard to the density of the surrounding medium. 
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It is impossible, therefore, to know, whether an alteration 
of the swiftness, with which a homogeneal ray strikes the retina, 
would alter its colour ; I mean the sensation of colour produced 
by it in the mind : since it is impossible to alter, at pleasure, the 
density of that fluid which determines its final velocity. 

One may distinguish two different effects of the refractive 
power on the rays of light, v7z., the change of direction and 
change of velocity. Sir Isaac Newton has proved with respect 
to the first, that it is different in the differently coloured rays, 
and of a determined degree in each ; he has further proved, that 
refraction, considered in its first effect, dces not change the 
colour of any simple ray. But, it appears, from what we have 
now said, that none of his experiments prove the immutability 
of simple rays by the second effects of refraction 

As it is of great consequence in philosophy to distinguish 
between facts and hypotheses, however plausible; it ought to 
be observed, that the various refrangibility, reflexibility, and 
inflexibility, of the several colours, and their alternate disposi- 
tions at equal intervals to be reflected and transmitted, which 
are the whole ground-work of the Newtonian system, are to be 
considered as certain facts deduced from experiment: but 
whether the velocities of the different rays are exactly equal, or 
different in the manner now described, is no more than probable 
conjecture; and, though this point should be decided by a 
method proposed afterwards, it would still continue uncertain, 
whether the fits of reflection and transmission are occasioned by 
an alternate acceleration and retardation of the motion of light, 
or in some other manner,* and, after all, it is no more than pro- 
bable conjecture, that such an alternate acceleration and retar- 

* For instance it might be supposed, that every particle of light has two 
contrary poles, like a load-stone ; the one of which is attracted by the parts of 
bodies, and the other repelled ; and that, besides their uniform rectilineal motion, 
the particles of differently-coloured rays revolve in different periods round their 
centre: for thus, their friendly and unfriendly poles being alternately turned 


towar ls the surface of bo:lies, they might be alternately disposed to reflection and 


transm:ssion; an] that at different intervals, in proportion to the periods of their 


rotation. 
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dation is brought about by the influence of pulses excited in the 
ethereal medium: nay there are some circumstances in these 
phenomena that seem hardly intelligible by that hypothesis 
alone; as, why the intervals of the fits are less* in denser 
mediums ; and why they increase so fast and in so intricate a 
proportion, according to the obliquity of incidence. 

According to Dr. Bradley’s beautiful theory of the aberra- 
tion of light, the stars appear to be removed from their true 
places to a certain distance, by the proportion which the velocity 
of the earth bears to the velocity of light. It is plain therefore, 
that, on our hypothesis, a star must have a different apparent 
place for every different colour; thatis, its apparent disk must be 
extended by the aberration into a longitudinal form resembling 
the prismatic spectrum, having its red extremity nearest to its 
truz place. In the stars situated near the pole of the ecliptic, its 
length should continue always the same, though directed along 
all the different secondaries of the ecliptic in the course of a 
year: but, in those which lie in or near the plane of the ecliptic, 
it should be greatest at the limits of the eastern and western 
aberrations ; the star recovering its colour and figure when the 
true and mean places coincide. But, there is no hope of discov- 
ering, whether our hypothesis be true or false, by this conse- 
quence of it ; for the greatest length of the dilated disk, being, 
to the whole aberration, as the difference of the velocity of red 
and violet to the mean velocity of light, 7. ¢., as 1 to 77 nearly, 
(No. 3) cannot much exceed one-fourth part of a second ; for 
the greatest aberration is but about twenty seconds. 

The time which the extreme violet takes to move through 
any space must be, to that which the red takes, as 78 to 77. If 
Jupiter be supposed in a quadrate aspect with the sun, in which 
case the eclipses of his satellites are most commodiously observed, 
his distance from the earth being nearly equal to his distance 
fromthe sun; light takes about forty-one minutes of time in 
passing from him to the earth: therefore, the last violet colour 
which a satellite reflects, before its total immersion into the 


* Newt, Optics, b. 2, part 


>} prop. 17 


| 
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shadow of Jupiter, ought to continue to affect the eye for a 77th 
part of 41™, or 52%, after the red reflected at the same time is 
gone: that is, a satellite seen from the earth, ought to change 
its colour above half a minute before its total immersion from 
white to alivid greenish colour, thence into blue, and at last 
evanish in violet. I need scarcely observe, that the same 
phenomenon should take place in the time of emersion, by a 
contrary succession of colours, beginning with red and ending in 
white. 
if this phenomenon should be actually perceived by astrono- 
mers, we shall have a sufficient direct proof of the different 
velocities of the coloured ravs ; for I see not to what other cause 
the phenomenon could be rationally ascribed. If it be not, we 
may conclude that rays of all colours are emitted and reflected 
with one common velocity .* 
SECTION 7 
“ON THE IMPERFECTION OF OUR KNOWLEDGE CONCERNING THE 
INFLECTIONS OF LIGHT 
Sir Isaac Newton went a very considerable length in exam- 
ining the inflections of light, as well as its reflections and refrac- 
tions ; but did not bring his enquiry on this head toa conclusion. 
He tells us, that he intended once, if other business had not 
called him off, to have made more experiments ; not for con- 
firming himself in preconceived opinions, as many do; but for 
discovering the true manner in which light is inflected, for pro- 
ducing the coloured fringes with black lines between them. He 
adds, however, some queries which contain hints of what he had 
gathered on this subject from his own observations, 772. that the 
rays of light differ according to their colour in their degrees of 
flexibility, and that they are bent several times backwards and 
forwards with a serpentine motion in passing by the sharp 
edges of bodies: these thoughts he threw out ‘‘in order to incite 
others to a further search,’’ but, so far have his intentions been 
disappointed hitherto, that few physical writers seem to compre- 
hend distinctly the hints which he has left concerning the man- 


*Newt. Optics, b. 2, part 3, prop. 15, 
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net of inflections ;* and none, as far as I know, has advanced 


* When any opaque boy is held at the distance of three or four inches from 
the eve, so that a part of som: more distant luminous object, such as the window 
or the flame of a candle, may be seen by rays passing hear its edge : if another 


opaqile body, nearer to the eve, be brought across from the opposite side, the elge 
of the first body will seem to sw ‘ll outwards and meet the latter, and in doing so, 
will intercept a portion ol the luminous object that was seen before. 


Phis phenomenon has been rashly ascribed to the inflection of light, by 
such as understood not thoroughly the nature of inflection, nor observed accurately 
the circumstances of the fact. 

Let AB represent the luminous object (Tab. iii., Fag. 5) to which the sight 
t opaque bo iy, GH the nearer, and EF the diameter 


of the pupil; jor ED, ED, EG, FG, and produce them till they meet AB in k, 
N, M, and L: 


is directed, CD the more distan 


It is plain, that the parts of AN. MB of the luminous object can 

not be seen. But, taking any point a between N and K, and drawing ald; since 

the portion dl of the pupil is filled with light flowing from that point, it must be 


visible : any point b between a and K must fill {F a greater portion of the pupil, 


and. therefore, must appear brighter. Again, any point c between b and K must 


appear brighter than b, because it fills a greater p wrtion gk with light. 


The point 
IK itself, and every other point in the spac 


» KL, must appear with complete lustre ; 
since they send entire pencils of rays EKF, ELF to the eve: and the visible 
brightness of every point from 


& 


L towards M must decrease gradually as trom Kk to 
, the spaces KN, LM will appear as dim shadowy borders of 


ininges 
adjacent to the edges of the opaque bodies. 


When the edge G 1s brought to touch 
ght line KF, the penumbras unite; and 


the ri as soun as it reaches NDE, the 
above phenomenon begins : for it cannot pass that right line without meeting 
some line aDd drawn from a point between N and K, and by intereepting all its 
rays that fell upon the pupil render it invisible. In advancing gradually to the 
line KDE, it will meet other lines bb, clg, etc., and, therefore, render the 
points b, c, ete., from N to K_ successively invisible ; and, therefore, the edge of 
the fixed opaque body CD must ssem to swell outwards, and cover the whole space 
NK. while GI by its motion covers Mh. When GH is put to a greater distance 


from the eve, CD continuing 


© fixed ; the space ¢ IP to be passe d over for intercept 
ing NK is less; and, therefore, with an equal motion ol GU, the apparent swell 
ing af CD must be quicker; Watca Ts found truz by experience. If ML represents 


e luminous object, and REF any plane exposed to Its light; the space hed will 
eatirely shaded from the rays, an 1 the space FE will be occupied by a 
gradudly darker from E to F. Let 


penumbra 

now GIL continue fixed, and CD move 

sarallel to the plane EF ; and, as soon as It passes the line LF, it is evident, that 
| | 


when CD reaches ME s 


the shadow ()F will seem to swell outwards o as to 
cover with its shadow the space KE, QF by its extension will cover FI Chis 


found to hold true likeways by experiment 


Orr 
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one step beyond them. It is surprising, that, before Sir Isaac 
Newton, the world continued so long entirely ignorant of the 
true theory of light and colours; and it is no less so, that, since 
he quitted the subject, no further discovery of any moment has 
yet been made amongst all the philosophical societies in Europe. 

Many ingenious men have bestowed infinite thought and 
labour on the more complex and astonishing phenomena of 
Nature, without arriving at any certain or definite discoveries ; 
such as earthquakes, thunder and other meteors, magnetism, 
electricity, vegetation, fermentation and other chemical opera 
tions: and the subtility of those matters will probably continue 
to elude the search of latest posterity. But, in the simpler, 
steadier, and more regular subjects, such as light and colours, 
which are capable of accurate mensuration and mathematical 
reasoning, a sagacious and industrious observer can hardly fail 
of making some progress ; especially in a branch of the inquiry 
which is already pushed to a considerable length. Discoveries 
of this kind are capable of a particular sort of proof which is 
very beautiful and convincing, from the exact coincidence of the 
computed effects with the real ones, as to quantity. Many 
instances of this, occur in Sir Isaac’s Newton's writings, and in 
all mathematical philosophy: such as the calculation of the 
moon's irregularities; of the tides; of the precession of the 
equinoxes ; of the resistance of fluids ; and, in optics, his com- 
putation of the dimensions of the rainbow ; of the aberration of 
colours; of the intervals of the fits of reflection and transmis- 
sion ; and of the coloured rings reflected by thick transparent 
speculums. 

What further I have to offer concerning light and colours, 
consisting chiefly of doubts, difficulties or loose conjectures, shall 


be proposed under the form of queries. 


: 
ay 
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SECTION 8 
OUERIES, CONSISTING OF DOUBTS, DIFFICULTIES, AND CON- 
JECTURES, CONCERNING LIGHT, COLOURS AND 
COLOURED BODIES 


Are not the rays, emitted by all sorts of luminous bodies, 
similar to those of the sun, both as to colour and degrees of 
refrangibility ? And, do not luminous bodies differ from one 
another only according to the colours which they emit most 
plentifully, in like manner as opaque bodies are distinguished 
by the colours of incident light which they reflect in greatest 
abundance? (See Nos. 24, 25, 26, 27, 28 and 2%). But, to 
make our induction sufficiently strong, ought not experiments 
to be made with the lights of a greater variety of bodies? And 
would it not further conduce to the illustration of this question 
to form, by Sir Isaac's method,* a beam of solar light, consist- 
ing of such colours and in such proportions as were seen in the 
lights of salts and burning spirits ; and then to observe in it the 
appearance of coloured bodies? Further, are not the intervals 
of the fits, in rays of any one colour, the same inthe same medium, 
from whatever luminous body they are emitted? For, if these in- 
tervals were different, would there not be changes in the colours 
of bodies not to be accounted for by the compositions of the lights 
with which they are illuminated ?+ 

Do not all luminous bedies, the most languid as well as 
most bright, emit their lights of anv one colour with one deter- 
minate velocity ; since it is found by experience, that they are 
all equally refracted by the same medium? And, therefore, 
does not the different splendour of luminous bodies proceed 
whoily from the different density of their light at equai dis- 
tances? is not this confirmed by equality of Bradley's 
aberration of light in fixed stars of all magnitudes ?} If this be 
so, the comparative strength of different lights, such as of the 

*Newt. Opt., book 1, part 2, prop. 11. 
mee Art. 


* Fame’s Abrilg. of Transactions, vol. 6, p 
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sun, moon, a candle, etc., may be easily estimated by finding the 
greatest distances to which the same opaque body is visible when 
illuminated by each of them, or the limits beyond which it is 
invisible to a given eye; for the densities of the incident lights 
are nearly as the squares of the distances of these limits from the 
object.* Does not all light move with the same velocity after 
reflection as before ; since the angle of reflection is always equal 
to the angle of incidence? ‘The exception, made by some, of 
electrical light is founded on no less a mistake than confounding 
the luminous body with its light.¢ But, the best proof of this 
proposition is from the coincidence of the computations of the 
velocity of light, from the equation of the eclipses of Jupiter's 
satellites and the aberration of fixed stars. } 

Is light emitted with the same velocity, in whatever medium 
the luminous body be placed? Or, is it not rather emitted with 
greater velocity in denser mediums, and that in proportion to 
their refractive powers? The same argument from whence we 
gather in general the equal velocity of light emitted by all sorts 
of luminous bodies, seems to prove the truth of the latter suppo- 
sition. For, since rays of any one colour, from the sun anda 
candle, for instance, are equally refracted by a surface of glass 
or water, we may conclude, that their velocities in air are equal. 
Wherefore, if the density of the sun's atmosphere, contigious to 
his surface, be different from the density of our lower air, as 
may be safely presumed, his rays must have been emitted with 

* Let A and a (Tab. 11, fig. 6) denote the same or two equal bodies of the 
sime colour illuminated with different lights, and B, b, the limits. As we suppose 
the light received by the eve, at these points, is just sufficient to affect it sensibly 
and no more, the two lights at these different distances must be nearly of the 
same density : taking, therefore, in AB a line Ab equal to ab, the density of the 
light at b must be, to the density of the light at b, nearly as AB2 to Ab? : and, ii 
s evident, that these densities, at equal distances, must be as the whole quantities 
of light reflected; and these again very nearly as the whole quantities of light 
incident. 

* Musschenbreek’s Elementa Physices, lite edition, in his chapter on elee 
tricity. 


+ Eame’s 7'ransactions, vol. vi., ete. 
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more or less velocity than that of the candle ; otherways, they 
could not have the same velocity afterwards in any common 
medium : for, the velocity with which any ray is emitted, is, by 
the laws of refraction, to its velocity in any given medium, as 
the sine of refraction to the sine of incidence, when a ray passes 
from the medium of emission into the given medium, 

If the atmosphere is not much warmed by the passage of 
the sun’s light through it, but chiefly by its contact with the 
heated surface of the globe, as we showed above (No. 15,) ; may 
we not hence give one very simple and plausible reason, why it - 
is coldest in all climates on the tops of very high mountains ; 
namely, because they are removed to the greatest distance from 
the general surface of the earth? For it is well-known, that 
a fluid heated by its contact with a solid body decreases in heat, 
in some inverse proportion to the distance from the body. But, 
to have this question fully determined, the temperature of the 
air in the valley and on the mountain-top must be observed every 
hour both night and day, and carefully compared together. 

From what has been laid down in Section 2. concerning the 
manner of the action of light in heating bodies, is it not reason- 
able to suppose that the heat produced by a given number of 
rays, in an opaque body of a given magnitude, must be greater 
when the rays are more inclined to one another than when they 
are less so? For the direction of the vibrations, raised by the 
action of the light, whether in the colorific particles or those of 
an inferior order, will more interfere with one another ; from 
whence the intestine shocks and collisions must increase ; besides 
this, the colorific particles of opaque bodies being disposed in 
various situations perhaps, upon the whole, the rays will fall 
more directly on each, the more they are inclined to one another 
Is not this the reason of what has been remarked by philoso- 
phers,* that the heat of the sun’s light, collected into a cone, 
increases in approaching the focus in a much higher proportion 
than according to its density ? That the difference of the angle, 


* Beerhaave, Flement. Chemic. de igne; Musschenbr. Elementa Physices, 
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in which the rays fall on any particle of a given magnitude 
placed at different distances from the focus, is but small, is no 
proof that the phenomenon cannot be ascribed to it; since we 
know not in what high proportion one or both the circumstances 
now mentioned may operate. However, that it proceeds not 
from any unknown action of the rays upon one another, as has 
been insinuated,* is evident from this, that each particular ray, 
after passing through the focus, preserves its own colour and its 
own direction, in the same manner as if it were alone, 

May it not be inferred, that the component parts of opaque 
bodies are greater than those of transparent ones, as theory 
requires,+ from this simple observation, that the former, such as 
metals, stones, woods, etc., when broken transversely, show a 
visible roughness and inequality at the fracture; whereas the 
latter, such as glass, crystal, gems, ice, ete., appear as smooth, 
almost, as when they are polished ? 

Do not Newton's experiments with the Iceland and rock 
ervstal sufficiently prove, that the rays of light have different 
permanent properties in their different sides, relative to these 


two bodies ? 


Must we not therefore conceive each particle ot 
light to preserve its position invariably while 1t moves forward, 
at least so as not to revolve round its centre perpendicularly to 
the direction of its motion? Would it not be proper to try how 
light is inflected in passing closely by the several angles and 
sides of these fossils ? 

Is it not possible to prove by experiment what Sir Isaac 
Newton takes for granted as a reasonable supposition that 
thin transparent plates, of any uniform colour, divided into 
similar fragments, would compose a powder of like colour ?} 
And would not this tend to strengthen the analogy between the 
colours of such plates and those of natural bedies? For this 


purpose, I have tried to freeze soap-bubbles ; but could never 


* Musschenbreek’s Elementa Physices, 1040. 
t Newton's Opt., book 2, part 3, prop. 4 


* Newton's Opt., book 2, part 3. prop. § 
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make any stand till they were turned to ice, except such as were 
too thick to have lively colours: however, I doubt not, but, 
with due care, the thing might be done; especially, if the soap- 
water, instead of being blown with a pipe into bubbles, were 
drawn out into a plain plate upon any wooden or metalline 
frame : for, the sides of a plain surface bearing a greater propor- 
tion to its area, than a base of a spherical segment to its surface, 
the frost would be sooner communicated to the whole water in 
the former case than in the latter. ‘There is this advantage too 
in using a plain surface of soap-water that, before it freezes, the 
observer may draw out any particular colours, which he chooses, 
to a greater breadth, by stroking it along with a wet finger. 
For this reason, amongst others, I have found it a more con- 
venient subject for examining the various orders of colours, than 
spherical bubbles adhering to a plane. Perhaps, melted rosin 
might be drawn out into a thin coloured plate before it hardens ; 
for I have often blown it into bubbles with a tobacco-pipe till it 
became coloured. I know no other ways in which the various 
orders of colours can be preserved for deliberate inspection, but 
either in a frozen plate of water or rosin, or in the permanent 
scoria that appear on heated metals. I have counted, on the 
side of a clean-polished copper tea-kettle, the six first orders of 
colours distinctly and regularly ranged in the same succession in 
which they appear in the soap-bubbles ; the first order being 
formed on that part of the kettle that had been least heated. 

What else is the inflection of light towards the fine edges 
of bodies than a particular case of refraction, in which the rays, 
after being bent by the attractive power, are carried beyond the 
refracting surface, and miss entering it, because of its small 
extent? For, if the surface of the edge be produced it will meet 
the inflected rays ; and thus the inflection will become properly 
refraction. And, in like manner, we may consider the inflection 
of light off from the edges of bodies, as a species of reflection. 

Is it not impossible that an animal can see, if the diameter 
of its eye be much less than the interval between the fits of trans 


mission and reflection in water, that is, than _' th of an inch ? 
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There are many experiments which show that a yellow and 
blue ray mixed, make a green one; a yellow and blue powder, 
a green powder; and a mixture of rays or paints of all the 
prismatic colours, a white ray or paint. Now, do not the same 
experiments equally demonstrate, that the idea of green is a con- 
fusion or mixture of the ideas of yellow and blue; the idea of 
white, a mixture of the ideas of all the colours ; and, in general, 
the ideas of all compound coleurs, a mixture cf the ideas of 
their constituents? In the experiments which Sir Isaac 
Newton performed with the toothed instrument, the compon- 
ent colours are not, indeed, presented to the eye all at 
once ; yet they follow one ancther in so rapid a_ succession 
that their respective impressions remain in the eye till thev 
are renewed, and therefore they must affect the mind all at 
once.* Ifa piece of paper be daubed all over with small dots of 


blue and yellow, it will appear green to an eve which is placed 


*[t is in this manner that philosophers explain (Newt. Opt. Quer. 16.) the 
appearance of a fiery circle, which is made by a burning body whirled about 
swiftly. We shall here give an account of some other phenomena that flow from 
the same principle. 

[fa white rod be moved rapidly backwards and forwards with an angular 
motion, the whole circular space which it runs over will appear whitish ; but not 
equally so, being faintest and most dilute in the middle, and brighter towards the 
two sides, which seem to be distinctly terminated with two white rods intersecting 
each other in the center of rotation, (See Tab. IIL, Fig. 7.). 

The total impression made upon the eye by equal small parts of the sector 
must be, as the quantity of light emitted from it and the frequency of the returns 
of the rods to it: 2. ¢., inversely as the time between the returns of the rod. Let 
ABC represent the circular sector, and DC a line bisecting it; the rod always 
returns to DC after the time of one vibration; and to any other line EC between 
DC and AC or AL, the mean time of its return is the same; for it alternately 
returns in twice the time of describing AK, and twice the time of describing IB, so 
that two succeeding intervals of its returns are equal to the time of two vibrations; 
but the intervals of the returns to the lines, AC or CB are manifestly equal to the 
time of two entire vibrations. The brightness of the sector therefore in DC, or any 
line between DC, AB and BC, must be simply as the quantity of light emitted from 
equal small portions of the sector; that is, in the inverse proportion of the velocities 
of the rod when in these lines. It is plain from this, that the sector must be incom- 


parably brighter in AC and BC, where it rests, than any where else, notwithstanding 


. 
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at too great a distance to distinguish the seperate points. In 


whatever manner sensation be performed, it is certain that the 


that the intervals of return thither are double; that is, it will appear to be bounded 
distinctly with a white rod on each side. 

If the rod be agitate] with small and quick vibrations of its own, by sticking 
itagainst some solid body immediately before it, it is hurried backwards and forwards 
with the angular motion, the sector appears divided, at equal intervals, by a great 
many distinct reds, almost as bright as the two lateral ones (Tab. IIL, Fig. 8.) 
resembling the spokes of a spread fan. The reason of which curious phenomenon 
is plainly this; that its angular motion, being alternately in the same and in a 
contrary direction to its particular vibrations, is alternately accelerated and 
retarded or stopped. In the interval, where it is accelerated, the sector must appear 
very dilute ; and, where it is greatly retarded or brought to rest, must appear very 


luminous or divided by white rods, for 


he same reason that they appear at the 
sides. 

Some Sceptics have disputed against the endless divisibility of quantity, 
because the imagination soon arrives at a minimum; alledging from thence, that 
our idea of extension involves the notion of indivisibles, and is as it were com- 
pounded of them. Nothing corporeal can be imagined or conceived at all which 
is not conceived as seen, handled, or otherways sensibly perceived. Imaginative 
ileas are nothing else than transcripts or images of sensations, and therefore must 
be limited by the same bounds and in the same manner as sensation. Now the 
minimum sensible is rather in all cases a confused, indistinct and uncertain transi- 
tion from perceivable to not perceivable, than the clear perception of a pvuint 
indivisible in magnitude ; for its magnitude depends on the lustre of the object. 
That nothing can be conceived or imagined which is less than a certain bulk, is no 
more an arguinent against the endless divisibility of quantity, than that nothing 
can be felt or seen below that size; which, it is evident, from every magnifying 
glass and from every different distance of an object, depends not at all on the con- 
stitution of the thing perceived, but on that of the perceiver, or the means and 
circumstances of his perception. 

Nor, though it were granted that the minimum visible is distinctly seen as 
an indivisible point, would it follow, that the idea of extension, received by sight, 
is made up of the ideas of indivisibles ; for we receive the idea of extension by 
that motion of the eve which is necessary to direct its axis to different objects of 
parts of an object: and it ts well known that the generation of quantity by 
notion is preferred by the best writers, for this very reason, that it necessarily 
excludes the notion of indivisibles It should be remembered likewavs, that a 
visible object is not divided by the eve into a number of contiguous minima 

sibilia ; for, to whatever mathematical point in the object the eve is directed, a 
minimum visible may be seen there by means of a certain portion of the object 


1 tredine tt 


Odservations on Light and Colours 263 


organs which receive the first impulse from external objects 
cannot convey to us any ideas, if they, or the impressions made 
by them, be lessthan of a certain definite magnitude. A 
number of things separately intangible, if joined together, may 
be felt by the touch. A certain number of invisible points 
become sufficient to affect the sight by their united rays; and a 
certain number of sounds too small to be heard separately, at last 
form an audible sound. 

Since bodies derive their colours from the original and 
immutable quantities of their rays which they reflect most 
copiously, ought they not to appear of the same colour, whether 
viewed at the greatest or least distances? Whence is it there- 
fore, that the planets whose solid parts are probably covered 
with vegetables, and must therefore reflect a great superiority of 
green rays, appear almost entirely white when viewed from the 
earth 2? May this not be accounted for, in the same manner as 
the change of colour observable in earthly objects seen through 
a great tract of atmosphere? A mountain covered with the 
freshest verdure, at the distance of twelve or fifteen miles, looks 
bluish ; and at twenty or thirty, especially if the air be thickened, 
degenerates into a dim white, so that one can hardly distinguish 
it from the clouds that skirt the horizon. With respect to the 


primary planets, 1t may be likeways answered, that perhaps we 


see them chietly by light reflected from the air and vapours that 


surround them. 

Why is it so hard to distinguish green bodies from blue by 
candle-light ? 

Whence proceeds the blueness of the sky? Since it is cet 
tain that no body assumes any particular colour, but because it 
reflects one sort of rays more abundantly than the rest; and 
since it cannot be supposed that the constituent parts of pure 
alr are gross enough to separate any colours of themselves ; must 
we not conclude, with Sir Isaac Newton,* that the violet and 
blue-making rays are reflected more abundantly than the rest, by 
the finer vapours diffused through the atmosphere whose parts 


"Opt. book 2, part 3, prop. 7. 
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are not big enough to give them the appearance of visible opaque 
clouds? Do not those who say,* that the ethereal blue proceeds 
from the mixture of the sun’s white light reflected faintly by 
the atmosphere with the perfect blackness of the celestial space 
behind, revive, without any necessity, the antient confused 
notion, that all colours may be formed by certain compositions 
of light and shade? Although the atmosphere reflects more 
blue rays than what go to the formation of perfect white, it is 
easy to conceive how coloured bodies, illuminated by it, may not 
be sensibly tinctured with blue. Let us suppose, that the 
atmosphere reflects '¢ more of blue rays than of the other 
colours, and that vermilion reflects "), of the red rays incident 
upon it, and |. of every other colour; then, it is clear, that the 
red rays, reflected by the vermilion, will still exceed the blue 
reflected by it, as 19 exceeds 1 + '4 ; so that the purity of its 
red colour will not be sensibly impaired. But, to show that, 
in proper circumstances, the bluish colour of sky-light may be 
seen on bodies illuminated by it, as it is objected should always 
happen ;+ expose to the sun-beams, on a clear cloudless day, a 
sheet of while paper, and place on it any opaque body ; you will 
perceive that the space of the shadow, which is illuminated only 
by the sky, appears remarkably blueish, compared with the rest 
of the paper which receives the sun’s direct rays. If certain 
white and black paints mixed together produce blue, it is because 
the black is not perfect shade, but a dark blue or purple.{ Any 
mixture of whiteness and true black can only form a fainter 
white or grey, which has no more affinity with blue than with 
red or any other colour. 

Is not the opinion which Sir Isaac Newton seems to have 
had,$ and, since him, the generality of philosophers, concerning 


the cause of the various colours reflected by the clouds at sun- 


* Nature displayed, vol. iv. And Muschen. Phys., 1403. 
+ Muschen., Phys., 1403. 
t Muschen., 1172. Newt. Opt., book 2, part 3, prop. 7. 


§ Opt., book 2, part 3, prop. 5., near the end. 
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rising and setting, liable to great difficulties? For, why should 
the particles of the clouds become, at that particular time and 
never at any other, of such magnitude as to separate these 
colours? And why are they rarely, if ever, seen tinctured with 
blue and green, as well as red, orange and yellow? Is it not 
more credible that the separation of rays is made in passing 
through the horizontal atmosphere? and that the clouds only 
reflect and transmit the sun’s light, as any half transparent 
colourless body would do in their place? For, since the atmos- 
phere, as was laid in the last query, reflects a greater quantity of 
blue and violet rays than of the rest, the sun’s light, transmitted 
through it, ought to draw towards yellow, orange, or red; 
especially when it passes through the greatest tract of air; 
accordingly, every one must have remarked, that the sun's hori- 
zontal light is sometimes so deeply tinctured, that objects directly 
illuminated by it appear of a high orange or even red; at that 
instant, is it any wonder that the colourless clouds reflect the 
same rays ina more bright and lively manner? It is observable, 
that the clouds do not commonly assume their brighter dyes till 
the sun is some minutes set ; and that they pass from yellow to a 
flaming golden colour ; and thence, by degrees, to red ; which 
turns Ceeper and deeper, though fainter, till the sun leaves them 
altogether. Now it is plain, that the clouds, at that time, receive 
the sun's light through a much longer tract of air than we do at 
the instant of setting, perhaps by the difference of a hundred 
miles or more ; as may be computed from their height or the 
duration of their colours. Is it not, therefore, natural to 
imagine, that, as the sun's light becomes always somewhat vel- 
lowish or orange in passing through the depth of the atmos 
phere horizontally, it ought to incline more and more from 
orange towards red, by passing through a still greater length of 
air; so that the clouds, according totheir different altitudes, may 
assume all the variety of colours, observed in them at sun-rising 
and setting, by barely reflecting the sun’s incident light as they 
receive it? I have often observed with pleasure, when in 


Switzerland, that the snowy summits of the Alps turn more and 
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more reddish after sun-set, in the same manner as the clouds. 
What makes the same colours much more rich and copious in 
the clouds, is their semi-transparency joined with the cbliquity 
of their situation. 

Does it not greatly confirm this explication, that these 
coloured clouds immediately resume that dark leaden hue which 
they receive from the sky as soon as the sun’s direct rays cease 
to strike upon them? For, if their gaudy colours arose, like 
those of the soap-bubble, from the particular size of their parts, 
they would preserve nearly the same colours, though much 
fainter, when illuminated only by the atmosphere. About the 
time of sun-set or a little after, the lower part of the sky, to 
some distance on each side from the place of his setting, seems 
to incline to a faint sea-green, by the mixture of his transmitted 
beams, which are then vellowish, with the ethereal blue: at 
greater distances, this faint green gradually changes into a red- 
dish brown ; because the sun’s rays, by passing through more 
air, begin to incline to orange: and, on the opposite side of the 
hemisphere, the colour of the horizontal sky inclines sensibly to 
purple; because his transmitted light which mixes with the 
azure, by passing through a still greater length of air, becomes 
reddish ; as we have said above. 

To understand distinctly why the sun’s rays, by passing 
through a greater and greater quantity of air, change by degrees 
from white to yellow, thence to orange, and lastly to red, we 
have only to apply to the atmosphere, what Sir Isaac says 
(Book 1 of his Optics, part 2, prop. 10.) concerning the colour 
of transparent liquors in general. 

is it not the same coloured light of the rising and setting 
sun which tinctures the clouds, that, being thrown by the refrac- 
tion of the atmosphere into the earth’s shadow, gives the moon 
sometimes in total eclipses, the obscure reddish colour of 
brick 2? As the rays which pass through the greatest tract of 
air, become reddish; those which pass through the least, 
yellowish ; and the intermediate ones, orange : the red must con- 


verge fastest into the shadow ; after them, the orange ; and 
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lastly, the yellow: so, that the whole space of the earth's 
shadow, from the point of the cone to several semidiameters 
from the earth, being filled with a faint light, whose colours 
verge always more to red in approaching the earth ; the colour 
of the moon, in total eclipses, must needs vary likeways, accord 
ing to her distance from the earth at the time of observation ; 
and, if I mistake not, be always more inclined to red at entering 
and leaving the shadow, than in the middle. Let astronomers 
determine, whether the phenomena agree with this theory. It 
is not surprising that this refracted light is very faint and 
obscure at the distance of the moon; since its mean density 
there, will be as much less than the density of the light of the 
setting sun, as the annular space of the lower air through which 
it passes, drawn into the moon's horizontal parallax, is less than 
the area of a great circle of the earth drawn into four times the 
excess of the horizontal refraction of the atmosphere above the 
same parallax. 

I have observed, when at sea, that, though I pressed my 
body and head firmly to a corner of the cabin, so as to be at rest 
in respect of every object abont me, the different irregular 
motions of the ship, in rolling or pitching, were still discernible 
by the sight: How is this fact to be reconciled to optical 
principles? Shall we conclude, that the eye, by the sudden 
motions of the vessel, is rolled out of its due position? Or, if it 
retains a fixed situation in the head, is the perception of the 
ship's motion owing to a vertigo in the brain, a deception of the 
imagination ; or to what other cause ? 

Has not gold been reduced, by beating, to a degree of thick- 
ness little exceeding that which must be ascribed to its colorific 
parts, according to Sir Isaac Newton's theory?) But, how can 
it cohere into a continuous leaf, so as to leave no visible pores, 
unless there be many of its component particles contained in its 
thickness ? 

When one looks steadfastly at Sirius or any bright star not 
much elevated above the horizon, its colour seems not to be con- 


stantly white, but appears tinctured, at every twinkling, alter- 
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nately with red and blue: To what is this appearance owing ? 
Is not the separation of colours by the refraction of the atmos- 
phere too small to be perceived ? 

Bodies become black by burning ; because they are reduced* 
into very small parts: but, whence is it, that most bodies, when 
further burned to ashes, assume a grey or whitish colour ? 

Since the cause of blackness in bodies is the smallness of 
their transparent parts, which renders them incapable of reflect- 
ing any colour ; how can black bodies, solid or fluid, be at the 
same time opaque ? Can light be finally stifled by the refractive 
powers of the particles alone? or, ought it not rather to make 
its way through the body, if their be no reflection, without any 
sensible loss, although the several rays might issue in various 
directions ?. And, may it not be demanded, in like manner, con- 
cerning all coloured opaque bodies, how all sorts of light can be 
stifled and stopped within a body, whose internal parts are fitted 
to reflect only one or two colours, and transmit all the rest ? 

If the parts and pores of pellucid bodies be much less than 
the least interval between the fits of reflection and transmission ; 
it is plain, that rays of light, entering a part or pore in a fit of 
transmission, will not be reflected at its back surface: and thus 
it may be understood, how all rays that enter the first surface of 
a transparent body continue to be transmitted through its sub- 
stance to the greatest distances, v7z., if the rays are always put 
into a new fit of most easy transmission at entering every new 
pore or particle. But, is not that supposition contrary to what 
Sir Isaac teaches elsewhere? That the fits of reflection and 
transmission continue to return at equal intervals, after a ray 
has entered a transparant body, and are thus regularly propa- 
gated to the greatest distances? And, if this be true, how can 
the rays be transmitted to any sensible distance, since they mnst 
often arrive in fits of easy reflection at the common surfaces of 
pores and particles? But, although it couid be understood by 
the doctrine of the fits in light why there is no reflection from 

* Newt, Optics, b. 3, part 2, prop. 7. 


t Newt. Opt., book 2, part 2, prop. 12 
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the interior parts of water and other pellucid medium,* does not 
the rectilinear transmission of light through these bodies in all 
directions, and consequently in all degrees of obliquity, to their 
internal parts, prove, that these parts, upon account of their 
minuteness, lose their powers of refraction as well as reflection ? 
And to what known property of light or bodies can this be attri- 
buted ? 

If the fits are produced by an alternate acceleration and 
retardation of the particles of light, some of the particles, which 
are swift enough to be transmitted at the first surface of a trans- 
parent medium, must overcome the reflecting power more easily 
than others ; namely, those that happen to be in their point of 
greatest celerity or nearest to it: Now, must not rays that are 
moving with different velocities be differently bent from their 
course, as we argued above with respect to simple-coloured rays, 
by the same refractive power? Why therefore is not every beam 
of light, homogeneal or heterogeneal, diffused by refraction into 
innumerable rays, according to the respective velocities with 
which they entered the refracting surface? Is it a sufficient 
answer to this query, that rays which are farthest from their 
point of greatest swiftness will be most bent in a direction con- 
trary to that of refraction, by the reflecting power, and will 
therefore only return to the direction of swifter rays by a greater 
degree of refraction ? 

Sir Isaac Newton justly argues, that light must be reflected 
at a distance from bodies; because the most polished surface, 
being extremely rough and uneven in respect of the particles of 
light, would disperse them indifferently in all directions, if they 
rebounded from it by striking: But, will not the like difficulty 
still remain, w2., how light can be reflected or refracted regularly 
by the best polished surface, if the power of the body proceeds 
from an attraction or repulsion belonging to each physical point ? 
It might be perhaps supposed, that the repulsive power produces 
reflection at a distance so great, in respect of the inequalities 
that are left in polished bodies, that the direction of force, 


* Newt Opt. book 2, p. 3, prop. 4. 
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resulting from their joint action, may be very nearly perpendi 
cular to the general surface of the body ; and this might tend to 
account for the regular reflection from the anterior surface of a 
denser medium. But, will this supposition suffice for explaining 
the regularity of retraction and of reflection, from the posterior 
surface of a denser medium: in both which cases, the light 
must actually enter the pores of the attracting body, and there- 
pproach much nearer to one inequality than another ; since 


the pores, by which it enters, are certainly much less than those 


tore a 


inequalities ? In water and other transparant liquids, this must 
certainly be the case, if their globular particles touch one 
nother, as is commonly concluded from their incompressibility 
for. asa number of spheres laid together leave no rectilinear 
passages between them, the transmitted light must pass through 
the component particles ; and therefore the pores, by which it 
enters, must be much less than the whole hemispherical surfaces 
of the particles which evidently constitute the inequalities of the 
veneral surface of the liquor,” 

How does light preserve its rectilinear course in passing 
through air, «ether and other elastic fluids? Will not the difh 
culty still continue, whatever subtility or rarity is ascribed to 
these mediums ; since the powers trom whence their elasticity 
arises, must prevail through all the free spaces that intervene 
between their particles? Must we not, therefore, suppose, that 
the rays of light are not subject to these repulsive powers 
though they pass through the sphere of their action? Does not 
the refraction of light towards the perpendicular, out of the 
celestial spaces into air, even prove that it is attracted by the 
particles of air? Would it not be extravagant and incongruous 
bhevond measure to imagine the «ther so subtile, in respect of 


light, that, though it be driven out of the way by the rays, as 


* We are certain, that the inequalities of a craggy rock or ft ugh wall ar 
much greater than the | articles of air or their distance from one another, 
which their repulsive powers al probably termi ated (Newt. Princip.): Why 
sound, therefore reflected so regularly from su h bodies, that the echo ts farmth 
heard. except at an angle of incidence equal to the at tle of reflection ? 
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air is by common projectiles, it is not capable of retarding them 
sensibly in their motion from the most distant fixed stars to our 
eve? Do not these and many other difflculties, in the physical 
part of optics, whose solution is sought for in vain from anv 
principles hitherto discovered, show the necessity of extending 
our views and enlarging our stock of principles by further 
experimental inquiry ? Such objections are not to be considered 
as demonstrations of the falsehood of our present theory ; but as 
proofs of its narrowness, partiality and imperfection. 

Des Cartes, contenting himself with a superficial and 
inaccurate knowledge of the laws of impulse, vainly dreamed, 
that he had got possession of the universal cause from whence 
all effects in Nature are derived; when, in truth, he was unable 
to deduce from them the simpiest cases of collision. Many in 
this age, who write and speculate on physical subjects, seem to 
fall into alike error; while they employ their whole study in 
endeavouring to reconcile all phenomena with the new principles 
discovered by Sir Isaac Newton: and, when they find, to their 
mortification, that this will not always succeed ; phenomena 
must be disguised, and Nature tortured, to hide their ignorance. 
From the lazy method of philosophizing in the closet, among 
books and diagrams, there never arose, there never will arise, 
any discovery of consequence. Great inventors usually uncer- 
stand the extent of their own principles too well, to leave much 
of the application of them to others. 

The discovery of the different refrangibility of the rays, was 
an inestimable addition to natural knowledge ; as it serves, at 
once, for explaining innumerable phenomena in Nature which 
flow from it as immediate and necessary consequences: and, if 
it shall be demonstrated by the observation proposed in No. 49, 
that the differently-coloured rays really move with different 
velocities, our theory of light will be still further improved ; 
as the different refrangibility can be thence mechanically 
explained. 

The whole system of Nature is one immense series of causes 


and effects, whose beginning and end are equally hid in the 
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depths of infinity. Only a small, a very small portion of it, 
comes under our immediate observation ; being exposed alike to 
the sight and other senses of all mankind. Almost every 
phenomenon is, at once, the cause of manifold effects ; and one 
effect, among many, of a superior cause. The business of 
Science is to extend our views, by unfolding the latent causes 
which exist in Nature; and thence explaining their manifest 
effects. The discovery of one such real cause, unknown before, 
if it be of general or very extensive influence, as that of universal 
gravity, is to be esteemed a great advancement of natural phil- 
osophy. ‘To undervalue such a discovery, as some have done, 
because the cause of that cause cannot yet be assigned, is highly 
absurd : since the same objection must forever lie against all 
causes, except primary ones; which are certainly removed far 
beyond the reach of human inquiry. The proper office. and 
highest boast of true philosophy, is, to bring us still nearer to 
the Deity, by leading us upwards. step by step, in the mighty 
scale of Nature. 
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EARTHQUAKES, PHASES OF THE MOON, SUB- 
LUNAR AND SUB-SOLAR POINTS 


By Orro KLotrz 


COMPILATION has been made of all the earthquakes, 
- 465 in number, recorded at Ottawa between Ist April, 
1908 and 3lst December, 1915, with the view of correlating 
them with the phases of the moon, and thereby seeing whether 
any causal relationship exists between the two phenomena. It 
is an old question which, however, has not yet received its abso 
lute finality. The question is not one of whether the combined 
action of the sun and moon upou the earth can produce an earth- 
quake, but whether they may not be contributory to setting off 


an earthquake that is just about “‘ ripe,’’ the ripeness being pro- 
duced by quite other forces. The method adopted in plotting 
was as follows ;— the occurrence of each earthquake was taken 
to the nearest hour G. M. T., then from the Naxéical Almanac 
was found the civil time of the nearest phase of the moon, this 
gave us then the time difference in days and hours of the quake 
from that phase. Next, we took the time of the preceding or 
succeeding phase, as the case may be, between which the quake 
lay. This interval between the two phases divided into the 
above quake interval, expressed in are of 90°, gave us the angu- 
lar measure of the quake, measured from the first phase taken. 
In this manuner every one of the 465 quakes was plotted, with 
the result as shown on the accompanying diagram. (Figure 1.) 
The results are certainly not obviously conducive in supporting 
any preconceived notion of the preponderance of quakes at new 
or full moon. The actual figures in number or per cent. increase 
retrograde from full moon to last quarter for which there is no 
apparent explanation. The ratios that have been found would 


probably be slightly different had the number of quakes been 
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materially larger. No differentiation has been made with regard 
to perigee and apogee, or with regard to declination. 
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FIGURE 1 


Milne in ‘‘ Earthquakes,’ p. 251, gives the results of Pro- 
fessor Perry’s investigations on the connection between earth- 
quakes and the phases of the moon as follows :-- 

They are more frequent at new or full moon (syzygies) 


1. 


than at half moon (quadratures). 
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2. They are more frequent when the moon is nearest the 


earth (perigee) than when she is farthest off (apogee). 

3. They are more frequent when the moon is on the meri 
dian than when she is on the horizon. 

Julius Schmidt found more quakes when the moon was in 
perigee, also at new moon, but a diminution at full moon. 

Knott writes in ‘‘ The Physics of Earthquake Phenomena,’ 
p. 105:—‘‘ Darwin has proved then, that if there exists any 
tidal yielding of the earth as a whole it is hardly appreciable, 
even when searched for by our most refined methods of analysis. 
Still, although there may be no yielding as a whole, there must 
be time variations in the tidal stresses at any given point; and 
these may cause earthquakes if the region chance to be seismi 
cally sensitive.......According to Chaplin, the Japan earth 
quakes have a minimum of frequency at syzygies ; and the still 
more recent discussion by Forel of the Swiss earthquakes throws 
strong doubts on any such relation....... One suggestive fact 
in conection with these motions in declination is that earth 
quakes abound in tropical and sub-tropical regions — just where 
the tidal stresses are greatest.’’ 

Walker in ‘‘ Modern Seismology,’’ p. 84, says :— ‘‘ While 
there is a general agreement that an earthquake is caused by 
rupture of the rocks within the earth’s crust, we have no very 
definite knowledge as to the primary cause of the rupture. It is 
not unnatural to look for such a cause in the tidal stresses of 
solar and lunar origin. In particular we might look for a pre- 
ponderance of the number of earthquakes at the time of syzvgies 
of sun, earth and moon. Such investigations have been made 
but do not appear to result in clear evidence of such an associa 
tion.”’ 

Walker apparently looks for a ‘“‘ primary cause’’ in the 
tidal stresses of solar and lunar origin; other investigators, I 
think, look upon such origin as secondary, and relegate the 
primary cause to terrestrial origin, to forces working through 
long intervals of time, forces whose effect is cumulative until it 


reaches, in favorable cases, the limiting value of resistance. 
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Neither the lunar nor solar influence has this cumulative effect 
of long time intervals, and the stresses themselves being small, 
we can only think of them as becoming effective when the limit 
ing value of resistance in the earth’s crust is approached. 

The graphic representation herewith of earthquakes and 
moon phases speaks for itself. It fails to connect the two 
phenomena on any @ priori hypothesis that may be advanced on 
physical laws. 

The writer proposed to Professor Love the question :— 
Where in the tidal bulge of the physical earth is the strain the 
greatest, which is equivalent to giving the locus of the maxti- 
mum strain circle with reference to the moon, and hence to any 
epicentre for any particular time ? 

He replied: ‘‘ If the earth tide can be a cause of earthquakes 
one would expect that the ‘ stress-difference’ due tothe tidal 
forces would be a maximum at the epicentre. The stress-differ 
ence is the right quantity. 

To determine the places at which the stress-difference due to 
tidal forces is a maximum it is necessary to adopt some hypothe 
sis as to the internal constitution of the earth. I have worked 
out the result on the simplest hypothesis, 772.- that the earth 
may be treated as homogeneous and incompressible. The result, 
in this case, is that the stress-difference is greatest at the centre 
of the earth. The greatest value found near the surface is about 

3 of the value at the centre, and occurs at places 0° from the 
sub-lunar point. Its actual value is quite trifling, about one 
pound per square inch. I have not attempted to work out the 
corrections for heterogeneity and compressibility. 


be very troublesome. It is quite possible that they might shift 


They would 


the place of the maximum to the sub-lunar point or to some 
circle intermediate between this point and the great circle that 
is 90" from it. In the absence of a satisfactory theory about 
this I doubt if you can get much out of a record of the positions 
of the moon at the times of earthquake, but it occurs to me that 


perhaps more information might be obtained by knowing 11 


phase of the moon. At new and full moon the tidal stresses due 
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to the sun and moon re-inforce each other. If it could be shown 
that a large majority of shocks happen at new or full moon 
there would be good ground for thinking that tidal stress was, 
as you say, ‘the last straw.’ If this were so, and: if it were 
further found that a large majority of quakes happen at places 
at some pretty definite distance from the sub-lunar point, this 
distance would serve for a test of the suitability of various 
hypotheses as to the internal constitution of the earth.’’ 

We have seen that our 465 quakes gave us no marked or 
definite indication of ‘the last straw’ operating effectively dur- 
ing phases of the moon, although a stress-difference must and 
does exist, but it is completely masked by other forces, amongst 
which may be mentioned the fluctuation of atmospheric pressure. 

To make the investigation more complete, we have com- 
puted and plotted, besides the phases of the moon, also the sub- 
lunar and sub-solar points for the times of the 117 quakes 
recorded at Ottawa between April 1, 1908, and December 51, 
1915. For these quakes it was possible to determine with a fair 
degree of accuracy the epicentre of each by the stereographic 
tables of the writer, utilizing the data from three or more sta- 
tions. It is obvious that for this computation fewer quakes 
would be available (117) than for phases of the moon (465) ; in 
the former case the epicentre and its time must be known, for ' 
the latter the approximate time of the quake only. The com- 
putations of the co-ordinates of the sub-lunar and sub-solar 
points were made to minutes, an accuracy far beyond the require- 
ments of plotting or graphic representation. 

The method of finding the co-ordinates of these points is 
simple and scarcely needs any reference. From the time of the 
P waves is subtracted the transmission time of 7? from the epi- 
centre ; 7, ¢., we look up for A, the distance, in our table the 
transmission time. This gives us then the Greenwich Mean 
Time of the quake, and diminished by 12 hours the Greenwich 
astronomicaltime. From the Maztical Almanac we then find the 
right ascension and declination of the moon (sun) for this latter 


time. Remembering that the terrestrial longitude of the mean 
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sun, or rather its sub-solar point, at Greenwich mean noon is 
zero, and knowing the sidereal time at Greenwich mean noon and 
equation of time, we readily deduce the longitude of the sub-lunar 
(sub-solar) point. For the declination, there is no further 
reduction, it is simply the latitude, of the sub-lunar (sub-solar) 
point. 


The subtraction, to obtain the distance, is also made in the 
same way and algebraically, 7. ¢., dy - Ay Ag, Where J/ 
refers to the moon and / to the epicentre ; similarly S for the 
sun. 

These computations gave us then the geographical co-ordin- 
ates of each epicentre and the sub-lunar and sub-solar points at 
the instant of each respective quake. We in the first place 
plotted them for their actual geographic positions but the result- 
ing chart was rather confusing, in recognizing readily which 
three points belonged together. As the question to be elucid- 
ated was the relative position of the sub-lunar and sub-solar 
points to the epicentre, we obtain this by shifting all the epicen- 
tres to @ 0°,A = 0°. At a glance we now see the relative 
distances in latitude and longitude. The figure along the rec- 
tangular co-ordinates shown on the accompanying diagrams 
(Figures 2 and 3) do not, of course, represent the actual latitude 
and longitude of the points. The diagrams give one a far better 
idea of the distances than the original columns of figures do, 


from which the plottings were made, 


Here again we fail to find any marked preponderance of any 
particular distance. For the moon there is apparently a little 
grouping, but none to fit in with any hypothesis. If we take 
the indiscriminate mean of all the longitude distances both for 
the moon and the sun we find it to be for each within a degree 
of 90°, which would be the case for a fortuitous distribution of 
distances, which would range from 0° to 180°. The actual 
figures are for the moon, 91° forthe sun, 90° 4S. Simi- 
larly the indiscriminate distances in latitude are respectively 


38° 5Y and 33° 16’, the difference of 5° plus, being undoubtedly 
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attributable to the greater range of about that amount in declin- 
ation of the moon over the sun. 

The mean position of the epicentre, having regard to sign, 
is @ = 34° 53’ N., A = 2° 14 W. 

In closing this investigation, although not exhaustive, we 
come to the conclusion that the influence of the moon and sun, 


singly or jointly, in creating difference of stress upon the earth, 


is not sufficient to make itself marked in the ‘‘firing’’ or 


ae 


setting off ’’ of earthquakes. 


DOMINION OBSERVATORY, 
OTTAWA, CANADA, 
July, 1914. 
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METEORIC ASTRONOMY 


By W. DENNING 


HAVE been hoping to see the indications of increased prac- 
tical interest in this subject since the occurrence of the won- 
lerful stream of meteors over Canada on February 2, 1915. I 
trust that a few observers in Toronto and the neighboring towns 
may be induced to undertake regular observations. Such meteors, 
as are recorded at two places, enable the real paths in the air to 
be determined. There is no doubt that had there been more 
proficient observers of meteors at the time of the phenomenon, 
above alluded to, the investigations concerning it would have 
been far more exact and valuable. 


Here in England there are very few observers who devote 
themselves to this branch of astronomical work. 


Fortunately two ladies have taken up the research with great 
perseverance and ability so that, though nearly all the old 
observers have withdrawn from the field, our results are quite as 
abundant as they formerly were. The materials gleaned are not, 
however, sufficiently ample to re-determine the radiant points of 
many of the more feeble showers though some of these positions 
are found from double or multiple records of the same meteors. 
I have computed the real paths of 70 meteors seen at two or 
more stations during the present vear and beg to enclose the list 
in detail in the hope that it will not only show what we are 
doing but encourage others to take up a most attractive subject 
and pursue it on similar lines. Previous tables of real paths 
have been published by the writer as follows :— 

Monthly Notices, R. A. S., January, 187, 107 meteors ; 
March, 42°) meteors. 


Astronomisthe Nachrichten, 4726, April 7, 1914, 60 meteors 


| 
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The accumulation of materials of this kind may possibly 
prove of utility in future investigations of the subject. 

If lists of this kind were annually published from observa 
tions in Canada, and foreign nations also took up the research we 
should soon have valuable data for comparison. Of course the 
worth of details of this character depends entirely upon the 
accuracy of the observation upon which they are based. The 
chief aim should be to record every meteor’s flight amongst the 
stars with the utmost precision attainable and considerable 
experience is usually essential before the necessary proficiency 
can be acquired. In cases, however, where meteors leave 
streaks, like the Perseids and Leonids, it is often possible for a 
beginner to obtain very correct places for the flights The flash 
of the meteors attract the eye to their positions, while their 
momentary afterglows enable the observer to note the place and 
direction with great exactness but it must be done expeditiously. 

Rough, imperfect descriptions of meteors are of very little 
use except, perhaps, in special cases. They only serve to com 
plicate matters in a field most difficult to disentangle. Outstand 
ing problems in this branch will find the key to their solution in 


great accuracy of record. 


>. 
= 
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REAL PATHS OF METEORS 
Leng Velocity Rad 
No Date G.M.1 Mag pate Po 
1914 at first at en Paths second R.A. 
th " mec Thies > 
1 Jar io 7 4|> 3! 67 14 130 
>Keb. 4h 57 42 19 166 4 
3 8 20 | 3-2 7> 33 34 17 {14+ 
1 27 | = 52 29 23 19 106 + 
5iMar. 55 | 3-2, 72 43 15 45 247 
22? 9 8 67 ot 7 14 100 + 
7 7 S54 = 73 29 7| 16 
SiApr. 210 | 2-1! 64 44 21 1s 1607 
9 15 g 40 |44- 2, 55 O4 49 35 399 
10 10 23 | 3-! 7! 55 IS 30 1So 
44 73 57 29 29 
12 1 9 45 wa 57 3s 54 16 76 
13 2018 Gi >! sO 65 105 34 302 
14 10 40 I 72 §2 39 30 235 
15 isa 82 | 3-2 71 54 19 35 230 
10 2210 §1 2 76 44 79 24 238 
17 May 1711 5-3 71 47 2 34.2119 
, | Sirius 
Is S10 35 $2 56 24 271 
11 20 2 52 35 2 42 
26 52 ! 42 5 15 121 
21 1§ | 4-2 84 69 47 47 332 
22 z8to 14 - 75 31 49 24 256 
23 June 310 30 : 5! 45 160 25 «281 
24 gh] 60 26 19 260 
25 “i108 84 2 7 62 oS 35 279 
26 92 | 69 53 27 41 315 
27 161! oO 2 I 690 43 20 20 270 
28 Sit to | 3-4 60 49 15 28 314 
29 22 | 3-4 72 45 37 37 293 
30 2510 515 2 I 45 44 14 20 260 
31 5! 25 45 30 342 
32 146 5-4 oS 48 25 255 
33 es 1 - 59 23 40 iS 354 
4 11 574) 67 67 52 52. 350 
35 2618 tt3| 4-2 758 67 1 25 260 
36 ts 3774; 4-2 75 50 22 43 326 
37 2g1t 25 I 64 33 19 26 320 
Abbreviations in last column --W., Mr. 5. A. Wil 
Wilson; A. G. C., Miss A. Grace Co w. F. D., W 


lant 
int Observers 
Dec 

47 19 observers 


30 W., J. Bunker 


iW., A. G. C. 
King, W. F. D. 
62W., A. G. C. 


s2W., A. G. C. 
r. Hl. Astbury, W. 
D. 
21 W., W. F. D. 
or W., P.O. Wright 
AGC... 


+77 Wright, W. F. D. 
+ 6aiW., A. C. C. 
31 W. L. Fox, H. Ellis 
i. & Te 
+24 Phillips, Greenwich. 
W. IL. Steavenson 


Greenwich, W. HI. 
‘Steavenson 
+ 39 Greenwich, A. Gat 
goW., A. G. C. 
2w., A. G. C. 
+ 14iW., A. 
A. G. C 
W. F. D. 
M. Nelson, F. 
Denning 
25 W., and others 
22,W., W. F. D. 
W. F. D. 
21W., W. F. D. 
+ soW., F. Denning 
+47\W., A. G. C. 
W., A. G. C. 
24iW., W. F. D. 
W. F: D. 
2w.. W. F. D. 
W. F. D 
TOW. 
orW G. C. 
W. F. D. 
son and Mrs. Fiammetta 


Denning 
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No. Date G.M.T. Mag. Height Height Observers 
1914 at first | at end Paths second R.A. Dec 
h m miles miles miles miles 
33 July 4th 3-71 70 40 31 30 W. F. D. 
30 30 > 3 75 49 32 32. 3164+ 30 W., Miss Gall 
40 86 12-2 76 or 15 21 289 +61 W., W. F. 
41 40 2 65 24 290+ oW., Miss Gall 
2 2110 454) 4 52 43 12 24 28:+ 9W., A. G.C. 
43 2210 94 55 49 go 332+31W., W. FLD. 
44 2410 10 |} 44-3! 5§8 52 2t 2iW., A. G. C. 
45 214) I 71 55 31 62 20+ 57 W., Miss Gall 
40 2710 5551 > S5 56 49 60 26+50A. G.C., W. F. D 
47 11 4-3) 94 72 26 32 G. C., W. F. D. 
48 29:10 46 D-DD) 64 43 68 21 326 - 12 W., Miss Gall 
49 3011 14/1} 87 64 36 36 $+ 344/A. G. C., W. F. D. 
50 Aug. 10 9 45 I 82 50 re 33 45+55W., [. FE. Clark 
51 46 I 67 52 3! 39 45+o1W., A. G. C. 
52 40} 72 4s 33 49 46+57W., W. F. D. 
53 1110 20 1-Y} Sy 42 (114 37 28 + 36 W., I. E. Clark 
54 “© 10 574, 2-1 69 53 23 35 2+57W., W. F. D. 
55 74 54 35 35 50+ 58 W., W. F. D. 
50 25 72 458 38 35 47+61W., A. G.C. 
57 “iat 45 > SI 46 55 40 47+56W., W. F. D. 
55 12 8 50 77 48 57 50 48+ 59W., A. G.C. 
59 ** 50 22 | Sirius; 7! 45 59 45 48+ 58 W., W. F. D. 
334 So 54 48 454 5915.” Be 
61 ** 10 354 I 76 5! 55 55 49+57W., W. F. D. 
62 ‘6 10 42 I 77 67 23 45 60+ 59W., A. G. C. 
1 ) 
63 §241-<1| 82 53 31 80 2804 
64 10 | 2--% 64 49 28 14 320- 4W., W. F. D. 
65 14 9 34 85 54 61 61 44+59W., A. G. C. [others 
06 50 67 44 31 16 \296+10W., A. G. C., and 
67 16917 72 32 54 302+211. Clark and others 
OS 11 2 go 61 60 60 50+ 60\A. G. C., W. F. D. 
69 179359 88 54 34 | 282+ 44,W., W. F. D. 
70 34 I2->1) 64 458 16 | 32 281+46W., P.O. Wright 


NOTES 
No. t.--A large detonating fireball which appeared over Oxford amd Berk- 
shire in the early evening when the sky was too cloudy for exact observations. 
No, 2. ~The same radiant seems to be repeated in No. 8. 
No. 4.— The same radiant seems to be repeated in No. 6. 


Nos. g and 11.--Two @ Cepheids. There is an active radiant here in June 


and the following months. 


No. 13.-- A fine long-pathed meteor from Sagitta seen while watching for 


the April Lyrids. 


No. 12. -A fireball moving slowly from an unknown April shower in 


| 
\uriga. 
t 
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No iS8,--A bright well-observed meteor from a radiant near 4 Serpentis 


No. 20. -A slow meteor with short path from an unknown May showe 


3 Geminorum. 


No. 21.--A swift streaking meteor from N. W. region of Pegasus. 


radiant is visible here in other months. 


No. 38.—- A Sagittid. Compare April 20 No, 13. There are active 


showers here in April, June, July and August. 


No. 45.~- Evidently one of the 5 Cassiopeids. 
No. 46. ~ An early and rather brillant Perseid. 
No. 47.-— There was quite an active shower this year from the radiant of 


his meteor at 332 + 39 on July 23°27 


No. §3- A brilliant Triangulid. In the middle of its long flight the metec 


was invisible for 7 degrees. 


Nos, 63 69 70. Sriglit meteors from a verv rich shower presented betwee 
\ugust 12 and 20 trom about 2So% t 45.- The meteors are r ipid, biuish in co! 
ind with sudden explosions at the terminal points of their flights. 

No. 64.-- A bright 3 Aquarid well observed and with very slow motion. 


No. 66.— An Aquilid fireball with very slow motion. 
No. 67.-- Observations imperfect and the deductions are uncertain. 


Nos. 50 to 62 and 65, except No. 53. — Brilliant Perseids. No. 63 left 


streak tor two minutes. 
No. 68.-— A late Perseid. 
Since the table was forme. a fireball path has been computed as follows: 
1914 February 5, 7h. 59m. Height 50 to 35 m les; path 81 miles; velocity 


miles; radiant 174° + 20 


n 


a 


4( 


| 
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No. Date GALT. Mag, (Height Heighe Lens: Opservers 
914 at first at end Paths second R.A. Dec. 
h miles miles | miles, miles 
38 July 3-1 7O 46 31 36 '302+23,W., W.'F. D. 
39 Ztl io| > 1 75 49 32 32 316+ 30 W., Miss Gall 
40 35 | 2-1 76 61 15 21 289+61\W., W. F. D. 
41 “itn 4o| 2 65 2 37 24 290+ oW., Miss Gall 
2 2110 453) 4 52 43 12 24 A. G. C. 
43 22:10 94 55 49 90 332+ 31,W., W. F. D. 
44 2410 10 |44-3| 58 52 10} 21 322+ 2W., A. G. C. 
45 7 55 31 62 20+ 57 W., Miss Gall 
40 27110 5841->13) 85 56 49 60 26+ s0A. G. C., W. F. D. 
47 11 2441 94 72 20 32. «1332+ 39/4. G. C., W. F. D. 
48 29010 46 64 43 68 21 326-12 W., Miss Gall 
49 34 87 64 36 36 $ + 343, A. G. C., W. F. D. 
50 Aug. 10 9 45 I 82 50 *s 33 45+55W., I. FE. Clark 
51 ‘| @ 46 I 67 52 3 39 45+61W., A. G. C. 
§2 13 72 45 33 49 46+ W., W. F. D. 
53 1110 20 8% 42 37 28+ 36 W., I. E. Clark 
54 **\10 574) 2-1 69 53 23 35 2+57\W., W. F. D. 
55 74 54 35 35 504+58 W., W. F. D. 
56 26 72 48 338 35 47 +61,W., A. G. C. 
57 SI 46 55 40 47+56,W., W. F. D. 
58 i278 50; BW 77 45 57 50 48+59W., A. G.C. 
59 ** 22 |Sirius; 75 45 59 45 48+58W., W. FF. D. 
60 334 So 54 4s 40 48 91) 
61 +s to 3g4) 2 76 51 35 55 49+57W., W. F. D. 
62 ‘© 10 42 1 77 07 23 45 60+ 59W., A. G. C. 
63 53 31 So 280 F.D., P.O. 
64 “lrg $0 | 64 49 28 W. F. D. 
65 14-9 34 85 54 61 61 44+59W., A. G. C. [others 
66 ‘|! @ §0 Pia § 67 44 31 16 \296+10W., A. G. C., and 
67 16 917 = 72 32 54 18 302+ 211. EK. Clark and others 
68 2 90 61 60 60 50+ 60A. G. C., W. F. I). 
69 17939 54 34 | 282+ 44\W., W. F. D. 
70 10 34 1) 64 4s 16 | 32 281746W., P.O. Wright 
NOTES 
No. 1.--A large detonating fireball which appeared over Oxford amd Berk 


shire in the early evening when the sky was too cloudy for exact observations. 


No, 2. 


~The same radiant seems to be repeated in No. 8. 
No. 4.- The same radiant seems to be repeated in No. 6. 


Nos. 9 and 11.-~Two a Cepheids. There is an active radiant here in June 


and the following months. 
No. 13. 


the April Lyrids. 


A fine long-pathed meteor from Sagitta seen while watching for 


No. 12. 


\uriga. 


A fireball moving slowly from an unknown April shower in 


: 
a 
a 
‘ 
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No 18. A bright well-observed meteor froma radiant near HY Serpentis. 


No. 20..-A slow meteor with short path from an unknown May shower 


near 3 Geminorum. 

No. 21.--A swift streaking meteor from N. W. region of Pegasus. <A 
radiant is visible here in other months. 

No. 38.-- A Sagittid. Compare April 20 No, 13. There are active 
howers here in April, June, July and August. 

No. 45.-~ Evidently one of the 4 ( assiopeids, 

No. 46. ~ An early and rather brilliant Perseid. 

No. 47.--There was quite an active shower this year from the radiant of 
his meteor at 332 + 39 on July 22-27. 

No. 53.- A brilliant Triangulid. In the middle of its long flight the meteor 
vas invisible for 7 degrees. 


Nos, 63 69-70 Bright meteors from a very rich shower presented between 


\ugust 12 and 20 from about 280° + 45. The meteors are rapid, bluish tn coloa 


ind with sudden explosions at the terminal points of their flights. 


suarid well observed and with very slow motion 


No. 64.--A bright 3 


No. 66.— An Aquilid fireball with very slow motion. 
No. 67.-- Observations imperfect and the deductions are uncertain. 
Nos. 50 to 62 and 65, except No. 53.-- Brilliant Perseids. No. 63 left a 


i streak for two minutes. 


No. 68.-—A late Perseid 


Since the table was forme la fireball path has been computed as follows: 


1914 February 5, 7h. 59m. Height 50 to 35 miles; pith Sit miles; velocity 40 


miles; radiant 174° + 20°. 


ee. 


NOTES FROM THE METEOROLOGICAL SERVICE 


SUMMARY REPORT OF THE WEATHER IN CANADA 
JUNE 


Zemperaturc.— The temperature was normal or a few degrees 
above from J,ake Superior westward to the Pacific Coast, except 
in Northern Alberta where it was a little below. With the 
exception of a few localities where it was just about normal, the 
temperature from the Great Takes to the Maritime Provinces 
ranged from one to four degrees below the average. Frosts 
occurred in Manitoba on the morning of the 19th, and in Ontario 
onthe 20th. The only really warm weather in the latter province 
was during two brief periods, from the 7th to the IIth and the 
25rd to the 26th, respectively. The unusually cool weather in 
the eastern half of the country was due toa succession of areas 
of high barometric pressure, accompanied by low temperatures, 
moving down from Hudson's Bay in a southeasterly direction 


across the continent. 


Precipitation, —The precipitation was below the normal over 
the greater part of the Western Provinces, and in most of 
Ontario and Quebec, while it was above normal over the whole 
of the Maritime Provinces, except in Cape Breton. In British 
Columbia it was above the normal in some sections, and below in 
others. Inthe Western and also in the Maritime Provinces the 
rainfall was distributed at frequent intervals, while over the 
greater part of Ontario and in Western Quebec, very little rain 


occurred until near the close of the month. Heavy rains occurred 


Wee 
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in many seetions of Saskatchewan and Alberta, notably at Kdmon- 
ton, where the total fall was nearly thrice the usual amount. 
On the other hand, in Manitoba the total fail was less than half 
the normal amount. 


JULY 


Temperature. —The month was warmer than average over 
the greater part of the Dominion. ‘This was particularly the 
case in the Western Provinces where it was from 4° to 6° above 
normal in most districts. In Southern Ontario mean tempera- 
tures did not differ much from average, but in Quebec and the 
Maritime Provinces there was nearly everywhere a negative 
deviation, and over Nova Scotia the mean for the month was 
about 5° below normal. Inthe extreme southwestern part of 
British Columbia temperatures were about average, while in the 
southern interior there was a positive, and in northern districts 
a negative, departure from normal. 


Precipitation—The rainfall for the month fell seriously short 
of the average in many parts of the Dominion. In the southern 
districts of Alberta, and over a large part of Southern Saskatch- 
ewan the drought was very pronounced, only from 15 to 35 per 
cent. of the average rain being reported from these sections. 
I:lsewhere in the West the shortage was not so great, and in 
Manitoba and Northern Alberta the fall was not far from normal. 
Over most of Southern Ontario the drought was also serious, 
only from 20 to 50 per cent. of the average being recorded. In 
the populous part of Quebec Province, likewise, the precipita- 
tion was only a small fraction of the normal amourit, while in 
the Maritime Provinces the shortage was not so serious. In the 
extreme southwest of British Columbia there was a very great 
lack of moisture, as was also the case, though toa less extent, 
in parts of the southern interior of the province. 
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TEMPERATURES FOR JUNE AND JuLy, 1914 


STATION 


Vukon 
Dawson 

British Columbia 
Atlin 
Agassiz 
Barkerville 
Kamloops 
New Wesuninster 
Prince Rupert 
Vancouver 
Victoria 

Western Provinces 
Battleford 
Broadview 
Calgary 
Carman 
Edmonton 
Medicine Hat 
Minnedosa 
Moose Jaw 
Oakbank 
Portage la Prairie 
Prince Albert 
(Qu Appelle 
Regina 
Switt Current 


Winnipeg 


Onlario 
Agincourt 
Aurora 
Bancroft 
Barrie 
Beatrice 
Birnam 
Bloombtield 
Branttord 
Bruce Mines 
Chatham 
Clinton 
Cottam 
Gravenhurst 
Guelph 
Haliburton 
Hamilton 
Huntsville 
Kenora 


| 


Highest 


4. 


78 
go 
SO 
95 
SO 
SO 


June 


Lowest 


NS 


we Se Ge Ge 


July 

z 
= 
§ 
54 32 
63 34 
87 28 
74 32 
95 44 
85 45 
66 45 
SO 47 
so 
102 
94° 42 
55 40 
104 46 
99 43 
102 44 
92 47 
98 46 
93 45 
97 39 
9s 39 
40 
94 47 
94 40 
40 
55 43 
8g 45 
89 47 
94 46 
90 4! 
93 42 
SS 39 
gt 45 
93 37 
95 52 
8g 


STATION 


Kinmount 
Kingston 
Laketield 
London 
Lucknow 
Madoc 
Midland 
North Gower 
Otonabee 
Ottawa 
Owen Sound 
Paris 
Parry Sound 
Peterboro’ 
Port Arthur 
Port Burwell 
Port Dover 
Port Stanley 
Ronville 
Sarnia 
Southampton 
Stoneclifle 
Stony Creek 
Strattord 
Toronto 
Uxbridge 
Wallac eburg 
Welland 
White River 
Onebe 
Srome 
Father Point 
Montreal 
(Quebec 
Sherbrooke 
Maritime Provinces 
Charlottetown 
Chatham 
Dalhousie 
Fredericton 
Halifax 
Moncton 
St. John 
Stephen 
Sussex 
Sydney 
Yarmouth 


June 

85 45 
gl 35 
94 35 
SS 
57. 30 
g2 35 

34 
85 39 
92 37 
93 35 
93 35 
55 30 
37 
37 
88 | 37 
gi 29 
$9 33 
96 30 
97 38 
gt 38 
gl 33 
94 43 
So. 42 
gt 22 
S6 32 
= 32 
$$ 40 
$6 32 
S639 
79 (35 
SS 30 
85 30 
| 37 
87 32 
85 25 
SI 30 
87 26 
81 24 
7: 34 
60 35 
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July 

4 
2 
So 33 
SO 50 
sg 49 
al 45 
So 40 
g2 39 
8538 
95 40 
46 
gt 4s 
g2 45 
g2 40 
SS) 
85 50 
97 59 
sg 
&7 | 39 
45 
94 37 
y2 49 
93 45 
Sg 43 
go 45 
54 
87 36 
go 30 
ol 50 
92 40 
SI 39 
go 43 
90 2 
So 40 
4! 
85 36 
76 4; 
84 35 
85 
75 | 44 


= 
7 
he 
m 3 
69 27 
$7 | 39 
75 | 39 
g2 
SS 40 
70 42 
SI | 
75 | 42 
88 40 
82 22 
29 
26 
3! 
40 
35 
35 
go 35 
92 39 an 
gl 37 
89 35 
gt 35 
gt 33 
gt 32 
gt 30 
93 33 
$3 37 
g2 34 
pe 
97 
90 
95 
94 
So 
94 
Q2 | 32 
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Karthquake Records 


EARTHQUAKE RECORDS BY THE MILNE 
TORONTO 


R. F. STUPART, DIRECTOR. 


¥ Preliminary Tremors, LW. Large Waves. 
Time is Greenwich Civil Mean Time, 0 or 24 


No Date M: End Ma D 
Comm. Comm Amy 
m h om h h m mm h 
301 May 31 14 2°6? 14 15°7 07050 
1362 June 21) 0 3°2 0 39°7 1 16 1 38°9\ 0°73 
1595 23 34471 ) 
1200 } 19 45'S 
13604 25 19 45° 22 42 
19g 29°7 20 40°9 os 
$265; °° 26) § 2c"! 30°7 
5366 26 5 6 7 45°7 | 0°53 2 
1 307 2°73 20 3 
1368 3 21 30°0 07050 
136g 5 23 23 34°7 050 
13713 6 3; 3 32°99 072 O 
1372) o 44553 0°! 
14 4 37°0 55°4 9°059 
1374, | 7 362) 7 45°S 8 govt 
1375 21 10 14°! 10 IS'2 O'O50 
22 20°27) 
>» 22 £2 21° 1 
1370 a2 22% 50 22 §2°9 23 21° 
lune 16th Clock stopped at tah. 29m. until 17 
Boom Period 17°7 seconds. 1 mm. 


SEISMOGRAPH 


ts. 


to 


Air Curren 

h = midnight. 
Ret ks 

O'S Possibly two qu S 
17 6 
22°6 
27°9 
10°5 [marked at beginnu 
14°5 Thickening became 
32°2 Thickening 
2:°4 |marked at beginnt’ 

o-& Suspicion of A.C. 2 

[to 22h. 23m. 
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MAGNETIC OBSERVATIONS 


The Magnetic Forces during the months of June and July 
were, according to the photographic records obtained at Agin- 
court, much more disturbed than for some time. Large dis- 
turbances were recorded on July 5th, 29th and 30th. In each 
one of these disturbances the magnetic forces were -for more 
than a day greatly disturbed. 

Smaller disturbances were also recorded during the first and 
last weeks of June, from the 5th of July to the 10th and from 


the 20th of July to the end of the month. 


Declination W. 


Amplitudes--Mean Daily 
Mean of Monthly 
Month Max. date N Date 
lonth Month lax Date Min. es Range From hourly trom Means 
readings of Extremes 
y > 
June 23°46 33°5 24 55°09 115 150 
July 6 24°2 6 48°3 S772 29 17°60 
Horizontal Force ~C.G.S. Units 
lune O'160165 25 0°000 36 
) 5 ) 3 
July 4 O°159055 2y 0°00201 000064 


Inclination 


Mean 

Month Earth 
Inductor 

1914 7 
Tune 74 40'S 


July 74 41°2 


. 
Nd 
va ean 


ASTRONOMICAL NOTES 


Tne StIpEREAL CENTRE. — As to the luminosity of Cano- 
pus, the R. H. P. magnitude is -O’°S6, while that of our sun, if 
removed to a distance of one secpar, may be taken as 0-0 (imply- 
ing an actual stellar magnitude -26°57); thus Canopus is 
actually forty-nine thousand seven hundred times as luminous as 
the sun, while its spectum is Class /. Professor Russell and Dr. 
Shapley have derived from the known binary systems the surface 
brightnesses of the several spectral types, and which should 
(they state) be fairly constant for each type. They find the 
surface brightness of the / stars to be 1°1 magnitude, or 2°75 
times brighter than the solar (and with a temperature of 7500° 
against the solar 5000° C.). The area of Canopus thus becomes 
eighteen thousand, the diameter one hundred and thirty-four, 
and the volume two million four hundred and twenty thousand 
times those respectively of the sun. Russell and Shapley further 
find that, on a diagram of surface areas (derived from absolute 
magnitude with unit surface brightness) for different tvpe stars 
of unit (solar) mass, the / stars segregate compactly just one 
magnitude larger than our unit sun, whence follows a relative 
density (25 the solar. Applying this to the bulk 
of Canopus, its mass becomes six hundred and nine thousand 
times the sun’s. Thechief uncertainty in these values lies in the 
actual density of such a great sun as Canopus manifestly is 
The mutual attraction of so large a volume of gas thus presented 
would give rise to a set of conditions surpassing anything with 


which we are acquainted ; the tendenev however, should be to 


Magnetic Observations 


MAGNETIC OBSERVATIONS 


The Magnetic Forces during the months of June and July 
were, according to the photographic records obtained at Agin- 
court, much more disturbed than for some time. Large dis- 
turbances were recorded on July 5th, 29th and 30th. In each 
one of these disturbances the magnetic forces were for more 
than a day greatly disturbed. 

Smaller disturbances were also recorded during the first and 
last weeks of June, from the 5th of July to the 10th and from 


the 20th of July to the end of the month. 


Declination W. 


Amplitudes--Mean Datly 


Mean of Monthly 
Montl Max. ate N Date 
Tonth Month la Date Min. Range From hou throm Means 
readings of Extreme- 
June 6 23°4 | 6 33°5 24 5 55°0 27 O 38°5 
6 24°2 | 6 48°3 2y §7°2 29 O 
Horizontal koree Units 
Jun OT16165 19 25 36 0°00057 
July OT16156 4  O°15955 000064 


Iuclination 


Mean 

Month Earth 
Inductor 

Tune 74 40°58 
74 41°2 


‘ 
| 
| 
| 
| 
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ASTRONOMICAL NOTES 


Tue SIpEREAL CENTRE. — As to the luminosity of Cano- 
pus, the R. H. P. magnitude is -O°S6, while that of our sun, if 
removed to a distance of one secpar, may be taken as 00 (imply- 
ing an actual stellar magnitude -2657); thus Canopus is 
actually forty-nine thousand seven hundred times as luminous as 
the sun, while its spectum is Class /. Professor Russell and Dr. 
Shapley have derived from the known binary systems the surface 
brightnesses of the several spectral types, and which should 
(they state) be fairly constant for each type. They find the 
surface brightness of the / stars to be 1°l magnitude, or 2°75 
times brighter than the solar (and with a temperature of 7500° 
against the solar 5000° C.). The area of Canopus thus becomes 
eighteen thousand, the diameter one hundred and thirty-four, 
and the volume two million four hundred and twenty thousand 
times those respectively of the sun. Russell and Shapley further 
find that, on a diagram of surface areas (derived from absolute 
magnitude with unit surface brightness) for different type stars 
of unit (solar) mass, the / stars segregate compactly just one 


magnitude larger than our unit sun, whence follows a relative 


density OF 0°25 the solar. Applying this to the bulk 
of Canopus, its mass becomes six hundred and nine thousand 
times the sun's. Thechief uncertainty in these values lies in the 
actual density of such a great sun as Canopus manifestly is. 
The mutual attraction of so large a volume of gas thus presented 
would give rise to a set of conditions surpassing anything with 


which we are acquainted ; the tendency however, should be to 


Astronomical Notes 993 


increase the density and consequently the mass, of which there- 
fore six hundred thousand times the sun may be fairly set down 
as the lower limit. A previous estimate, by the late Mr, Gore, 
of the Canopic mass, based on a parallax of “O01, from compari 
son with Procyon (/) spectrum), made it a million times the sun. 
This estimate, though agreeing well with the present one, rests 
on one star alone, and that of a spectrum not exactly similar. 

Given such a mass, its effect should be evident in the relative 
motions of the faint stars amongst which it is situate. —O. R. 
WALKEY, in Avow/ledge, No. 553. 

THe WELL or ERATOSTHENES.—The ‘‘ Problem of Era- 
tosthenes,’’ by which the size of the earth was first approxi- 
imately ascertained, is so well known that a mere reference to it 
is all that is required here. Shortly stated, it is that if two sta- 
tions on the earth on the same meridian are fixed by astronomi- 
cal observations and the difference in latitude found, the distance 
between these points, when accurately measured, gives the num- 
ber of miles for each degree ; this result multiplied by 360 gives 
at once the number of miles round the earth’s circumference. 

Eratosthenes of Alexandria was the first to invent and use 
this method so long ago as 250 B.C., a method still in use at the 
present day. His two fixed points were his gnomon at Alexan- 
dria and the celebrated well. 

The well, which still bears his name, is on the Island of 
Elephantine at Assuan on the Nile, in Upper Egypt —— whether 
}{ratosthenes really made a special journey up the country or 
whether he acted on reports from others is not quite certain, but 
he seems to have taken the well as his other fixed point. The 
sun at noon on the day of the summer solstice was said ‘‘ to 
light up the well right down to the water and cast no shadow on 
the side’’; he, therefore, concluded that the sun at this place 
was vertically overhead, and that the well was exactly on the 
Tropic of Cancer. 

On comparing the zenith distance of the sun at Klephantine 
and that shown by his gnomon at Alexandria, he found that 


there was a difference of 7° 12° between the two places 
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‘The distance between Alexandria and Elephantine he tells 
us was 5.090 stadia, which gave him 250,000 stadia as the cir- 
cumference of the earth. 

There is no doubt about the accuracy of the method invente d 
by Eratosthenes to carry out his great achievement of measuring 
the earth, but it is not easy to judge of the accuracy of his 
result. We do not know exactly what was the length of the 
stadium he used, or how he measured the distance between his 
two stations, and, moreover, we know now that the well is not 
exactly on the Tropic, it is 0° 57° 25° to the north of it, 

In spite, however, of these sources of error the result ts 
probably a very fair approximation tothe truth. If the stadium, 
as used by the Greeks, was an eighth part of a Roman mle, the 
250.000 stadia, in round numbers, would not be very far frem 
the 25,000 miles we speak of to-day. 

The well is about 25 feet deep with spiral steps leading down 
to the water. The upper part of the stone work is modern, but 
the projecting stone pillars were used formerly to support a roof, 
and all below them is old. (A recent photograph of the well is 


shown. )--HoWARD Payn, in 7he Observatory, No 476. 


DARKEST PRECEDES THE DAwn.-—I have 
occasionally seen enquiries as to the truth of this expression, 
but cannot remember to have read any discussion o1 explana 
tion of the subject. 

Having been out observing on thousands of nights, and 
often enough ‘until the dappled dawn’ rose, I may, perhaps, 
be allowed to give an opinion on the matter — and it is certainly 
in favor of the view stated in the heading to this note I have 
frequently been impressed with the intense darkness which 
comes on before dawn. When a person has been out all night, 
his eve naturally becomes accustomed to the prevailing condi- 
tions: he can discern things with astonishing distinctness, and 
is familiar with such objects around as are within his range of 
vision. 


Before dawn a greater darkness seems to drop down like a 
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mantle upon the immediate surroundings. Objcets which were 
plainly observable during the previous hours of the night are 
blotted out, and a nervous feeling is sometimes induced by the 
dense opacity of the air. I think the unusual darkness only 
lasts a short time, and that a quick brightening succeeds, but its 
occurrence is most marked and by no means a rare experience. 
I have noticed it independently of any previous knowledge, and 
when such a thing has been far from my thoughts, so it cannot 
have been a subjective sensation. But I have been out only on 
clear starry nights. 

I regret that I have recorded no observations in detail, and 
so cannot say the exact interval before sunrise when the remark- 
able darkness came on, and whether it is common to every night 
and season and condition of sky. But of its frequent manifesta- 
tion I can speak with confidence, and possibly there may be 
some simple explanation of the event, though it does not occur 
to me at the moment. W. F. DENNING, in Observatory, 
No. 477. 

3RITISH ASTRONOMICAL ASSOCIATION.—The meeting of 
the British Astronomical Association in June, and the last of the 
sessions, was remarkable for the visitors from overseas, whom 
the members were glad to welcome. Dr. Maw had brought 
with him Dr. Ambrose Swasey, of the famous Pittsburg firm of 
Warner and Swasey, that make the mountings and domes for 
most of the large instruments in America, and Dr. Swasey told 
the meeting some details about the large reflector with 6-ft. 
mirror that is being made for the Dominion Observatory, 
Canada, and of a 5-ft. reflector that is being made for the Argen- 
tine National Observatory at Cordoba. ‘This 5-ft. mirror is 
being fashioned by Dr. Perrine, the Director of the Cordoba 
Observatory, and the 6-ft. by the Brashear firm, but the mount 
ings of both are in the workshops at Pittsburg.—H. P. Hous, 


in :nglish Mechanic and World of Science, No. 2572. 


DISTRIBUTION OF THE STARS.— Although the conclusions 


presented in this paper have been derived from a study of the 
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proper motions of the stars in a small area of the sky, and may 
be somewhat modified by the investigation of other regions, they 
may be considered as fairly applicable to the stars in general. 
The limiting magnitude of the stars that have been considered 
is nearly 11°0 (on the Potsdam scale), and there are, in the 
whole sky, half a million stars brighter than this limit of magmi- 
tude. 

It may be said of them that :— 

(i) On the whole, the yellow stars, the stars like the sun in 
physical conditions, are the nearest. 

(ii) They lie within fairly narrow limits of distance SO 
per cent. are between one hundred and five hundred parsecs, 10 
per cent. nearer than one hundred parsecs, and 10 per cent. 
further away than five hundred parsecs 

(iii) Going from the yellow to the blue or the orange stars, 
the average distances increase. 

(iv) The red stars are at great distances —an average of 
about one thousand parsecs. 

(v) The stars vary greatly in /vfrinsic brightness. The red 
stars are specially luminous, being on an average one hundred 
times as bright as the sun. 

(vi) Considering all the stars down to this limit of magni- 
tude, from 90 to 5 per cent, are intrinsically more luminous 
than the sun. 

(vii) When however, the luminosity of the stars in a given 
volume of space is considered, there are found to be far more 
faint than bright stars. There is no contradiction between this 
conclusion and the last one, because the more distant bright stars 
ire visible, while we only see the faint ones which are compara- 
tively near. 

(vili) Evidence has been found that the stars thin out very 
iaterially at great distances from the sun. 

These conclusions are in harmony with the conception of a 
finite stellar universe. Most of the stars we see, and a great 
many fainter ones, are within the distance of one thousand par 


secs. Doubtless the stars extend to much greater distances, 
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perhaps ten times as far or further, but we can scarcely doubt 
that we are near the middle of a finite group of stars, and that 
the extent of this group is of the crder of one thousand to ten 
thousand parsecs. 

(A star having a parallax of 1” is at a distance from us 
206,265 times greater than that of the earth fromthe sun. This 
unit of distance is termed a ‘‘ parsec.’’ One hundred parsecs 
represents a distance one hundred times greater than this).— 
Dr. F. W. Dyson, (Astronomer Royal), .Va/ure, No. 2336. 


PROFESSOR BURNHAM AND His Lire-Work.—Of the 
many distinguished astronomers with whem I had correspond- 
ence during over twenty vears, I only had the pleasure of speak 
ing to six —viz., Mr. R. A. Proctor, Sir Robert Ball, Dr. Ralph 
Copeland, Sir David Gill, Dr. Dreyer, and Mr. E. I. Barnard. 
Mr. Proctor I met on several occasions when lecturing in Belfast, 
aud I was the last person here to whom he spoke on leaving at 
his last visit, when he told me he hoped to see me in the follow- 
ing year, as he expected to be back in the autumn; but, unfor 
tunately, he died at New York. on his way to this country, it 
was said from malarial fever, on leaving Florida, where he then 
resided with his family. By a coincidence, I was also the last 
one in Belfast with whom Sir Robert Ball conversed at the same 
railway-station for Dublin, on his final lecturing visit here from 
Cambridge. Dr. Ralph Copeland spent two days with me dur 
ing avisitin 1894. I met Sir David Gill twice; first at Sir 
Howard Grubb’s optical works at Rathmines. Dublin, when the 
vreat 25-inch telescope for Vienna was nearly finished. shortly 
before his appointment as Astronomer-Royal at the Cape of 
(sood Hope. and next in January, 110, when he came to Belfast 
to lecture on ‘‘ Sunspots and Nebule.’’ Dr. I. L. E. Dreyer, 
when assistant to Sir Robert Ball, at Dunsink Observatory, and 
next at the Observatory Armagh, where he is still director. 
Professor If. I. Barnard, when visiting Ireland in July, 1898, 
came north to Belfast to visit me, and was accompanied by Mrs. 


Proctor Smyth and her husband, Dr. James Smyth, then resi 
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dent in Belfast. Mr. Barnard brought with him some fine nega- 
tives of star streams, taken at the Lick Observatory. Like Mr. 
Burnham, he was also proficient in photography, and com- 
meuced his career when a boy in a photographer's gallery at 
Nashville, Tennessee. On my remarking that I passed near to 
Nashville when voyaging down the Ohio and Mississippi Rivers 
to New Orleans in October, 1857, he replied he was born about 
that time. I was sorry he was not accompanied by Mr. S. W. 
Burnham, 


In his special astronomical work Professor Burnham has 
eclipsed the two great Herschels, the two Struves, and others, 
and the Catalogues of his discoveries and measures of double 
stars will be a lasting monument to his indomitable energy and 
perseverance. How few in any profession remain ‘‘ in harness’’ 
over the Psalmist’s allotted span of threescore and ten years, 
and we all wish Professor Burnham health and happiness in his 
remaining years to enjoy the leisure he has so well earned.— 
Isaac W. WARD, in “Luglish Mechanic and World of Science, 
No. 2572. 


CONSTELLATION FiGuRES. — The extreme faithfulness of 
tradition in even minute details of the constellational figures is 
most remarkable. Thus the Babylonian Sagittarius gives us the 
hippo-centaur bowman of our present star-atlases, almost line 
for line ; the archer, half-man, haif-horse, his weapons and his 
attitude having been preserved, without alteration, for 3000 
years. The one change to be observed is very interesting ; the 
place and outline of the flying Sagum (éarris) of Ptolemy’s 
catalogue is shown by the Babylonian boundary-stone to have 
originally belonged to an extended wing. 


As to why Capricornus was figured as a Goat-Fish, no 
authentic explanation has come down to us, though there are 
plenty of random guesses : of which that of Macrobius, that it 
is a symbol of the sun beginning to remount the heavens — the 
goat half —-at the time of the mid-winter rains — the fish half 
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—is the one which has generally been adopted by modern 
writers. 

It need hardly be added that it is no more worthy of serious 
consideration than the old legend that Capricornus is the Goat- 
god Pan, who jumped into the Nile to escape from Typhon, 
and sinking in the river up to his waist was changed so far into 
a fish. 

The whole question of the origin and meaning of composite 
forms in ancient sculpture and mythology is one calling for 
thorough investigation, but has, as yet, hardly been subjected 
to scientific treatment. A most interesting chapter on Greek 
composites is to be found in ‘* Modern Greek Folk-lore and 
Ancient Greek Religion,’’ by J. C. Lawson, 1910. It is a 
question that much exercised Manilius (Book IT., lines 154-194), 
unfortunately only from the point of view of their astrological 
significance. —E. W. MAuNDER, Zhe Observatory, No. 476. 


A NEW SATELLITE OF JUPITER.— Mr. Nicholson, of the 
Lick Observatory, announces the photographic discovery of a 
tiny object near Jupiter which is apparently a new satellite. 
He reports the new body — which would be the 9th sateliite of 
Jupiter —to be still fainter than the Sth satellite, which is of 
the seventh magnitude and only about forty miles in diameter 
so that it can only be observed with a very large telescope. It 


is stated that on July 21st the object was 6 41° west of Jupiter 


and on July 24th it had moved in towards the planet about 5”. 


J. R.¢. 
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NOTES AND QUERIES 


Communications are Invited, Especially from Amateurs. The Editor will try to 
Secure Answers to Queries. 


QUERY 
~ 
What is the best Way to learn the names of! the stars ? — H. M., ( Fort 
rancis). 
ANSWER 


The above question came in a personal letter, and though 
the information asked for has been given many times in many 
publications, it is well worth answering again. 

In order to identify the constellations and their chief stars 
one requires suitable star maps, and also it is desirable to have 
one or two constellations pointed out from which the beginner 
may pass to the others, though it is not difficult to make this 
start one’s self. 

Star maps are ordinarily of two kinds. First, circular 
maps, which represent the entire sky as seen at a definite latitude 
and definite time. Second, a series of maps which, taken 
together, cover the celestial sphere. 

For general purposes, the latter are the more useful. A 
simple set of four, containiug all stars down to and including the 
fifth magnitude, is given in the OnsERVER’S HANDBOOK, pub- 
lished by the Society. ‘The first map shows the constellations 
about the north celestial pole and extending to 50° from it. In 
the endeavor to represent the apparently spherical sky on a flat 
surface, the configurations near the circumference of the map are 
somewhat distorted. The other three maps show the constella- 


tions included in a belt 100° wide along the celestial equator, 
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ascension, aud 


each map covering about 155° or ) hours of righ 
hence overlapping slightly. 

Suppose now we begin with the ‘ Big Dipper’, which will be 
recognized, during the summer evenings, in the north-western 
sky. <A description of it is given on page 5S of the TTANDBOOK 
rom it the Pole Star is easily found. Again, prolonging the 
sweep of the handle the fine star Arcturus is located. This is in 
Bootes (see page 59). On the opp site side of the Pole, in the 
north-eastern sky is seen Cassiopeia, whose chief stars form a 
sprawling ‘W’. From these we pass to other near-by stars. 

Turning to the south, Scorpii and Sagittarius (maps IIT. 
and IV.) are easily recognised, and from these we easily pass 
to Aquila, Delphinus, Lyra and Cygnus. Indeed, having 
learned a few constellations, all the others will be found with no 
difficulty. 

When comparing the sky with the maps out of doors an 
electric flash-lamp will be found very convenient to illuminate 
the map. It gives you the light just where you want it and 
mav be turned off so as not to interfere with the eyes. Of 


course a shaded lamp or lantern may be used. 


THE OBSERVATORY OF LA PLATA 


Volume I. of the Pudlications of the Observatory of the 
National University of La Plata, which has recently been publish 
ed, is certainly a good beginning of what all hope may prove a 
very valuable series. It runs to 124 quarto pages and ts very 
vell printed. It contains a general description (in Inglish and 
Spanish, arranged in parallel columns) of the Observatory, its 
veographical position, observations of comets and of double 


stars 
When the citv of Buenos Aires in ISSI was definitely made 
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the Capital of the Argentine Republic it became necessary 


new seat for the Capital of the Province of Buenos 
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Aires, and for this purpose a new city, named La Plata, was 
founded, about 50 kilometres south-east of Buenos Aires. Its 
population now is over 100,000, and its public buildings are said 
to have cost about $40,000,000 (gold). The city is planned on 
a generous scale, somewhat like Washington, D.C. 

The first instrument obtained for the Observatory was an 
S-inch telescope, erected to observe the transit of Venus of 
December 6, 1Ss2. After passing through periods of financial 
stringency and other serious difficulties the institution at last 
came to its own. ‘The National University of La Plata was 
organised in 1906 and the Observatory became a department of 
it; and after a number of men had acted as temporary directors, 
Professor W. J. Hussey, who is in charge of the Detroit Obser- 
vatory of the University of Michigan, assumed the position of 
director in 1911. He holds the two positions at present. 

The buildings number twenty, most of them being com- 
paratively small, each instrument or service being housed separ 
ately, and the excellent illustrations in the volume shows that 
they are architectually fine and surrounded by a beautiful park. 

The position of the Observatory is given as Long. 3> 51™ 
14° West and Lat. 54° 54’ 30°°"7 South. The international 
latitude station which was formerly at Oncativo has been moved 
to La Plata, 

The list of new double stars given by Professor Hussey con- 
tains 212 entries. They were discovered with the 17-inch 
refractor of the Observatory. Professor Hussey intends to con- 
tinue this work in the southern hemisphere. 

Astronomer P. T. Delavan gives an account of his discovery 
of Westphal’s periodic comet on September 26, 1913, and of 


comet 1913 fon December 17, 1913. 


THE DISCOVERER OF SPECTRUM ANALYSIS 
Readers of the JoURNAL will be interested in the paper by 
Thomas Melvill, written in 1752, which appears in this issue 


For it we are indebted to Dr. John A. Brashear, of Pittsburgh 
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who, after considerable trouble, obtained a ty pe- written copy of it. 
It appears to contain the first record of the fundamental discovery 
of the yellow sodium line, and little further progress seems to 
have been made until seventy years later when Fraunhofer made 
his great investigations. 


THE ALLEGHENY AND OTTAWA ‘TELESCOPES 


A post-card from Dr. Brashear informs me that the long- 
delayed 50-inch objective for the Allegheny Observatory has at 
last been completed, and also that the 75-inch dise for the great 
Canadian reflector has been received. Ina letter received later, 
Dr. Plaskett states that the enormous piece of glass is 755% 
inches in diameter, 13!4 inches in thickness, with a hole 9 inches 
in diameter at its centre, and its weight is 4962 pounds. It was 
made with a single pouring and there is hardly a bubble to be 
seen in it. 


MAGNETIC FIELDS AND POTTER’S CLAY 


In the last issue of the JouRNAL (p. 221), an Ottawa corres- 
pondent, using the name ‘‘ André’’, asked a question regarding 
instruments for measuring the magnetic field of potter's clay, to 
which I was unable to secure an answer. Indeed the subject 
seemed entirely new to those I consulted, and I expressed the 
desire that our correspondent would give what information he 
had concerning it. In reply he sends the following interesting 
communication : 

Thanking you for the courtesy extended me by answering my query in’ the 
JouRNAL, LT beg leave to mention some authorities ve magnetic currents in potter's 
clay. The researches of Giuseppe Folgheraiter upon Etruscan vases are very 
interesting, These vases, having the form of surfaces of revolution, bear no 
external sign permitting of verifying their orientation in the oven where they had 
been baked and as a consequence there is no indication as to declinations ; but, if 


they are placed upon a horizontal plane. their line of poles is constantly in the 
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Bernard Brunhes, in 1906 confirmed the conclusions of the 
data gathered in his stu ly of the pavement of the 
France. 


same inclination. 


Italian scientist by the scientifi 
built at the summit of Puy-de-Dome, 1n Central 
rocks in which the line of declination varies 
laid down in all 


Temple of Mercury, 


This pavement is made of volcanic 
from one piece to another (the ditterent pieces having been 
Jimuths), but the inclination is the same in all. 


Professor at Institut Oceanogra yhique of France 
gra} 
eh it parallel to 


Says 


A. Berget, 
: that a magnetic current goes throu 


that potter’s clay is magnetic ; 
those of the earth; that by baking the mass, th poles become permanent, thus 


-poch. 


tamping the direction of the currents ol the e} He adds that if one could 
vase occupied with respect to 


vossibly find out what position in the oven the 


he study of 


its perisistent magnetism, dis 


he geographical north, he could, by t 
inclination 


cover both the direction of the magn 


at the moment it was baked. 


‘tic meridian and the value of the 
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